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Foreword

This report has been prepared by the British Geological Survey (BGS), as a set of instructions
to provide assistance with the extraction of useful geospatial data from the wealth of publicly
available scanned legacy seismic data that can be accessed via the BGS Offshore Geoindex.
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Summary

This report provides a detailed workflow to extract spatially referenced lithostratigraphic
information from scanned seismic and borehole records curated by the British Geological
Survey.

The rationale for this report is to enable any technical staff proficient in, and with access to,
ArcGIS Pro, and some form of drawing software e.g., CorelDraw, to make digital picks of
geological information from the wealth of legacy data and therefore maximise outputs.

The instructions contained within the report are written in such a way that they can be used by,
for example, undergraduate university students enrolled in geoscience programs. Therefore,
this report could be used to underpin undergraduate and postgraduate research projects looking
to utilise open-source data, which would be mutually beneficial for the strategic goals of BGS to
improve existing maps of the shallow geology on the UK continental shelf (UKCS).

The workflow assumes that the user starts with no data but has access to the required software.
Detailed instructions are provided to direct the user to the relevant data sources and how to
download and import the data into their working areas.

Users following the workflow, would progress from data access, through download and data
preparation, geospatial referencing of scanned (originally paper-based-datasets), to ultimately
producing digital X,Y,Z data points for interpreted geological horizons. The ouput X,Y,Z data
points can used to generated gridded surfaces or be imported into a GIS program or subsurface
data visualisation program, where they can be used to aid, or complement, interpretations
picked on modern digital SEGY-format seismic data.

The data available on the offshore geoindex are delivered under the terms of the Open
Government Licence, subject to the following acknowledgement accompanying the reproduced
BGS materials: “Contains British Geological Survey materials © UKRI [year]”. Contact us
(digitaldata@bgs.ac.uk) if you create something new and innovative that could benefit others.



Introduction

Introduction

The National Geological Data Centre hosted at the British Geological Survey (BGS) curates a
wealth of scanned seismic data that was acquired during the mid-late 20™ century. These data
are publicly available and can be accessed through the BGS Offshore Geoindex.

The Offshore Geoindex also hosts shapefiles for the geographical positions of the scanned
seismic data and the coordinates of shot points used during the acquisition. Using these
shapefiles in combination with the image files, the images can be spatially referenced in GIS
software. The spatial reference assigned to the scanned images can be quality checked against
open-source bathymetry data from the Admiralty Marine Data Portal, where the scans and
existing bathymetry are coincident. The combination of these elements provides a method
through which geological information in the subsurface can be digitised, the details of which is
outlined in the workflow section of this report.



Part 1 — Create a Project Space

Workflow

This report will demonstrate the workflow steps using example data from the Moray Firth, in
north-eastern Scotland.

Most of the workflow requires a GIS software package, and the outlined steps in this report use
ArcGIS Pro. Before getting started, you should create a project space where the datasets
should be downloaded/collated, and the GIS project set up.

1.1 You may want to create the project space on a local drive to your PC, so that the large
datasets will load quickly (back up the project later to a network drive).

Inside your project space, create a folder for the GIS project e.g.,
‘Scanned_Seismic_GIS’, a ‘Datasets’ folder, within which create a folder for
‘Scanned_Seismic’ and ‘Bathymetry’. For example, the directory structure would look like:

C:\Tocal\Scanned_Seismic_Project
| --Datasets
| | --Scanned_Seismic
| | --Bathymetry

| --Scanned_Seismic_GIS

Windows (C:) * local * 5Scanned_Seismic_Project * Datasets *

Tl Sort = View “as
-

Mame Date modified Type
Bathymetry 05/08/2024 16:22 File folder
Scanned_Seismic 05,/08,2024 16:08 File folder

Figure 1.1



Part 2 — Download Data and Set Up ArcGIS Pro Project

To ensure the best possible accuracy to the results of the process detailed in this report, you
should endeavour to use scanned seismic data that is coincident with high-resolution
bathymetry data.

The two platforms from which to retrieve necessary datasets are:

e The BGS Offshore Geoindex (https://www.bgs.ac.uk/map-viewers/geoindex-offshore/)

e The Admiralty Marine Data Portal
(https://datahub.admiralty.co.uk/portal/apps/sites/#/marine-data-portal)

2.1 Go to the offshore Geoindex and scroll down to and click on the ‘Open BGS Geoindex
(offshore) button.

[ Open BGS Geolndex (offshore)

! Open BGS OGCAPI Server

Figure 2.1.

2.2 You are confronted with a page that looks like this:
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Figure 2.2. Basemap sources: Esri, GEBCO, Garmin, NaturalVue | Esri, GEBCO, Garmin, NGS


https://www.bgs.ac.uk/map-viewers/geoindex-offshore/
https://datahub.admiralty.co.uk/portal/apps/sites/#/marine-data-portal

Part 2 — Download Data and Set Up ArcGIS Pro Project

2.3 Click on the arrow next to ‘Map Layers’ to expand the map Geoindex contents list.

/@3 British
BGS,; Geological
==/ Survey

Geolndex Offshore

Q. Enfer location

.
Map Laye rs Layers in red not visible at current scale '

El Survey Information

E North Sea Transition Authority (NSTA)

Bl Magnetic Anomaly Maps

El Gravity Anomaly Maps ]
B Earthquake Data i
Strategic Environmental Assessment (SEA) Data
BGS 250k Scale Maps

BGS Fine-Scale Maps

BGS Geological Factor Maps

BGS Maremap

BGS Scannad Maps

E 21CXRM Palasozoic

E
E
E
E
E
E

E Cultural Data

Figure 2.3

2.4 Click on the + next to Survey Information to expand the layers. Then select the tick boxes
next to ‘Shot Points’ and ‘Seismic Reflection’.

Mﬂp LEYEFS Layers in red not wisible at current scale '

E Survey Information
[ Survey Overview
£ Sample Data
El Geophysical Lines & Scans
Shot Points
Seismic Reflection
[]Sonar
E Backscatter
El Morth Sea Transition Authority (NSTA)

Figure 2.4
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2.5 Zoom in on the map by using the mouse scroll or controls at the top right until you see
these datasets appear.

e British
BGS, Geological

\\\—_/ Survey
Geolndex Offshore

Q Enter location

<

2

Map Layers  Loesinred notvisie ot curent scae

& Survey Information
(] Survey Overview
& Sample Data
& Geophysical Lines & Scans

Shot Points

Seismic Reflection

[JSonar Muoray
) 08 &7

£ Backscatter

EI North Sea Transition Authority (NSTA)
£ Magnetic Anomaly Maps

£ Gravity Anomaly Maps

 Earthquake Data

[ Strategic Environmental Assessment (SEA) Data
B BGS 250k Scale Maps

B BGS Fine-Scale Maps

E BGS Geological Factor Maps

B BGS Maremap

B BGS Scanned Maps

E 21CXRM Palaeozoic

B Cultural Data

Figure 2.5. Basemap sources: Esri, GEBCO, Garmin, NaturalVue | Esri, GEBCO, Garmin, NGS

2.6 Centre your map on your particular region of interest, then click on ‘Clip & Download’ at the
base of the ‘Map Layers’ panel.

E Cultural Data

LN N E
i

-~

Figure 2.6



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.7 A dialogue box will have appeared, click on ‘Draw AOI'. You should also be able to move
the dialogue box out of the way by clicking on the dark-blue top ribbon and dragging it.

Clip & Download

Download Geolndex Offshore data clipped to your area
of interest (AOI).

The data will be extracted in a zip file as shapefile or
TIFF formats. If you don't have ArcGIS, download ArcGlS
Explorer or QGIS to view the files.

Layers available for Clip & Download:

* Layers within "Survey Information’ group layer (except
Backscatter Image)

* 0il and Gas Industry Site Surveys layer

* Layers within "21CXREM Palasozoic’ group layer
Other layers may be visible but will not be downloaded.

Steps to follow:

1) Select layers to download by checking them on the
'Map Layers' panel. Even if a layer is not visible at
currant scale (text in red) it can be checked for
download.

2) Press 'Draw AOI" and draw your AQI as a rectangle
following on-screen instructions. To redraw press the
button again.

3) Press 'Go’ and wait for the data to be extracted.

Draw AOQI Go Cancel

Figure 2.7

2.8 Draw a rectangle over the area of interest by holding down the left-hand mouse button and
dragging. You may want to select a larger area than depicted in the image below, to
ensure you get sufficient coverage that includes the start and ends of seismic lines you
want to work on.

Press down to
start and let go to
finish

Figure 2.8. Basemap sources: Esri, GEBCO, Garmin, NaturalVue | Esri, GEBCO, Garmin, NGS



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.9 Once happy with the selection, click on ‘Go’ at the bottom of the dialogue box.

Clip & Download

: Download Geolndex Offshore data clipped to your area
. of interest (AOQI).

he data will be extracted in a zip file as shapefile or
IFF formats. If you don't have ArcGIS, download ArcGIS
Explorer or QGIS to view the files.

ayers available for Clip & Download:
Layers within 'Survey Information’ group layer (except
Backscatter Image)

Oil and Gas Industry Site Surveys layer

Layers within '21CXRM Palaeozoic’ group layer
Other layers may be visible but will not be downloaded.

Steps to follow:
1) Select layers to download by checking them on the
i 'Map Layers' panel. Even if a layer is not visible at

: current scale (text in red) it can be checked for

{ download.

) Press 'Draw AOI' and draw your AOI as a rectangle
following on-screen instructions. To redraw press the
button again.

3) Press 'Go’ and wait for the data to be extracted.

" oowAol - [Got Cancel

Figure 2.9. Basemap sources: Esri, GEBCO, Garmin, NaturalVue | Esri, GEBCO, Garmin, NGS

2.10 The platform will take a few moments to clip and download the data, once complete you
will get the following message:

Clip & Download

Data is ready!

GET DATA CANCEL

Figure 2.10

2.11 Click on ‘Get Data’,and save the data to your
C:\local\Scanned_Seismic_Project\Datasets\Scanned_Seismic folder. The data will have
downloaded in a zipped folder.

»  Scanned_Seismic_Project > Datasets > Scanned_Seismic

Tl Sort ~ = View ~ ses
Mame Date modified Type
e geoindex.zip 05/08,/2024 16:32 Compressed (zipp...
Figure 2.11

7



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.12 Extract the contents to the ‘Scanned_Seismic’ folder (delete ‘geoindex’ in the path before
pressing ‘Extract’ to avoid generating duplicate folders).

o Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder

C\locahScanned_Seismic_Project!Datasets\Scanned _Seismic\ SEeaime=y Browse...

B Show extracted files when complete

Figure 2.12

2.13 The relevant files are stored within a subfolder called ‘zipfolder’. Open the folder and move
the files within one directory up so that they appear in the ‘Scanned_Seismic’ folder. You
should see files for ‘Seismic_Reflection’ and ‘Shot_Points’. Delete the ‘zipfolder’ and
‘geoindex.zip’ folders.

local » Scanned_Seismic_Project » Datasets » Scanned_Seismic >

mj T Sort = View
Mame : Date modified Type s
| zipfolder 05/08/2024 16:40 File falder
| o geoindex.zip 05/08/2024 16:32 Compressed (zipp...
D Seismic_Reflection.cpg 05/08/2024 16:40 CPG File
D Seismic_Reflection. dbf 05/08/2024 16:40 DEF File
D Seismic_Reflection.lyr 05/08/2024 16:40 LY¥R File

D Seismic_Reflection.prj

/2024 16:40 PRI File
D Seismic_Reflection.sbn /2024 16:40 SBEN File
D Seismic_Reflection.shx /2024 16:40 SBX File

D Seismic_Reflection.shp 024 16:40 SHP File

|=| Seismic_Reflection.shp.xml 05/08/2024 16:40 XML File
D Seismic_Reflection.shx /2024 16:40 SHX File
D Shot_Points.cpg 05/08/2024 16:40 CPG File
D Shot_Points.dbf 05/08/2024 16:40 DEF File

D Shot_Points.lyr /2024 16:40 LY¥R File

D Shot_Paints.prj /2024 16:40 PRJ File
D Shot_Points.sbn /2024 16:40 SEN File
D Shot_Points.shx 05/08/2024 16:40 SBX File
D Shot_Points.shp /2024 16:40 SHP File
|=| Shot_Points.shp.xml 05/08/2024 16:40 XML File

D Shot_Points.shx )5/08/2024 16:40 SHX File

|=| TermsAndConditions.txt 05/08/2024 16:40 Text Document

Figure 2.13

8



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.14 Before downloading the bathymetry data, the next step is to create a GIS project. Open
ArcGIS Pro, choose ‘Map’ under ‘New Project’ and when the ‘New Project’ dialogue box
appears, deselect the checkbox next to ‘Create a folder for this project’, then click on the

folder icon next to location to select your

C:\local\Scanned_Seismic_Project\Scanned_Seismic_GIS folder. Give the Project a
suitable name e.g., ‘Scanned_Seismic_Maps’, click ok.

New Project
7R A
@ L
e/
Map Catalog Global Scene Local Scene
New Project X
Mame
Scanned_Seismic_Maps
Location
Cilocal\Scanned_Seismic_Project\Scanned_Seismic_GI5 -
[ ] Create a folder for this project
oK | | Cancel
Figure 2.14
2.15 Change the name of the default map to ‘Reference_Map'.
Contents v X
? Search 2 v

Drawing Order

=G0 /B &

P ||:| Reference_Map

[+ World Topographic Map

[+] World Hillshade

Figure 2.15
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2.16 Right-click on the map in the table of contents and select ‘Properties’.

Drawing Order

[l D Reference_Map . I

) World Topogr | 2dd Data Alt+D

[w] World Hillsha

Mew Group Layer

=5 5et Reference Scale
%4 Clear Reference Scale

Zoom To Reference Scale

Labeling >

Canvert Labels >

o= Create Thumbnail
Impart Thumbnail

View Metadata
/" Edit Metadata

* Update Data Sources

Beorder Layers >

E] Save As Map Eile

Save Az Offline Service Definition >

@ Properties

Properties
Show properties for the map.

Figure 2.16

2.17 Select the ‘Coordinate Systems’ tab, then find and select ‘British National Grid’ from
‘Projected Coordinate Systems > National Grids > United Kingdom’ (also add this CRS to
your favourites), and click OK.

Map Properties: Reference_Map O X
General Select the Coordinate System to view the available options,
Extent
& Current XY Details Current Z
Clip Layers
Metadata British National Grid <None>
Coordinate Systems
Transformaticn s
o XY Coordinate Systems Available Search 2o~ | Y &~
lllurmination
Labels b Norway -
b Oceans

Color Management
P South Africa

I South America
b South Korea
P Sweden
I Switzerland and Liechtenstein
b Turkey
b Ukraine
4 United Kingdom
(% British National Grid 3

(T ED 1950 TM O N

Figure 2.17
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Part 2 — Download Data and Set Up ArcGIS Pro Project

2.18 Open the Catalog pane, and right click on ‘Folders’ and select ‘Add Folder Connection’,
choose your ‘Datasets’ folder and click OK. Your Datasets folder should now appear in the
Catalog (you may need to right-click > Refresh).

Py o
b [we Folders
»* Add Folder Connection Ctrl+Shift+C
b #% Locators
S Refresh F5
Add Folder Connection | X 4 Wi Folders
@[ v Scanned_Seismic_Project v ¥ ‘O‘ .:‘ Search Scanned_. P~ 4 W p Scanned_Seismic_GIS

Organize v New ltem v 10 t [:é Scanned_Seismic_Maps.gdb

4 9 Project “ Name
; ! GpMessages
» Folders % Scanned_Seismic_GIS
4 [[3 Computer I Datasets ! ImportLog
€} Home t Scanned_Seismic_Maps_index

v| Bl This PC P @5 Scanned_Seismic_Maps.atbx

=0 Duncan Steven

‘l
20 Libraries v Datasets
( ' - ’ ! Bathymetry
| ‘ = . b Scanned_Seismic

l OK ]I Cancel | b % Locators

Figure 2.18

2.19 Expand ‘Scanned_Seismic’ to see the shapefiles that were downloaded.

4 Datasets
b Bathymetry

] Scanned_Seismic

3 Seismic_Reflection.lyr

Seismic_Reflection.shp

3 Shot_Points.lyr

(-] Shot_Paints.shp

TermsAndConditions.tet

Figure 2.19

11



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.20 Select the Seismic_Reflection and Shot_Points .shp files and drag and drop them into the
map. In the Drawing Order, move Shot_Points above Seismic_Reflection.

~ 0 % "] Reference_Map

Contents

Y |Sssm’.'
8K/ 5H&
Drawing Order

4 |:| Reference_Map

- ||ZI Shot_Points

L]
4 (] Seismic_Reflection

[v] World Topographic Map

[w] World Hillshade

Figure 2.20

2.21 The next step is to download coincident UK Hydrographic Office Civil Hydrography
Programme bathymetry data from the Admiralty Marine Data Portal
(https://datahub.admiralty.co.uk/portal/apps/sites/#/marine-data-portal).

Scroll down on the webpage to click on ‘Discover’ under ‘Seabed Mapping Services'.

ADMIRALTY  Marine Data Portal

Maritime Data Solutions

Can't find what you're looking for?

S i Z Seabed Mapping Services

Discover our Seabed Mapping services such as our extensive bathymetry holdings and

S—
S—"
- —~ VORF.

Figure 2.21. © Crown Copyright 2020 UK Hydrographic Office

12
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2.22 Scroll down on the next page and click on ‘“Try the new service’ under ‘Beta Seabed
Mapping Data Service’

Discover our Seabed Mapping services

Beta Seabed Mapping Data Service

Access the extensive UK bathymetry holdings and downlosd bathymetry data which is fresly availsble under an Open Governmant Licence (OGL)

Qur new Beta Seabed Mapping Data Service gives you access to data that has been collated, processed and validated by UKHO experts, helping create the right

bathymetry data output for your needs Provide Feedback  Iry.the new service

Why is it a beta servics? The ‘beta’ label means you're Looking at the first version of the new servics. During this phase, we will be continually testing and improving

the service. More information on what beta means can be found here.

If you think we've missed something, or would Liks to provide feedback, please Let us know using the feedback smail, here

Figure 2.22. © Crown Copyright 2020 UK Hydrographic Office

2.23 Once the Seabed Mapping Service has opened, zoom in on your area of interest. Select
either the ‘Select features by drawing a custom polygon’ or ‘Select features by drawing a
rectangle’. Draw around your area of interest by clicking once and dragging (if an error
message saying your selected area exceeds 1000 km?, just reduce the size of the
polygon/rectangle — the relevant datasets should still be selected). The datasets within
your selection will appear in a panel on the right, tick the checkboxes next to the relevant
datasets to your work. Click Next.

{2.5985 577506/

Your selection

n Contains 5 bathymetry data sets
] 642.61 km?

Deselect Al

2006 HI 1150 Tarbat Ness to Sarclet Head 2m v
SB

1976 2006-293736 Moray Firth Tarbat Ness to v
Burghead Blk |

2006 HI 1150 Tarbat Ness to Sarclet Head 4m v
SB

= ; ) % 2020 HI1582 Moray Firth 38-80m 4m SDTP v
t -/
4 f 2020 HI1582 Moray Firth 0-40m 2m SDTP v

ManTiler & Ones M

Figure 2.23. © Crown Copyright 2020 UK Hydrographic Office. Basemap sources: © MapTiler ©
OpenStreetMap contributors
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Part 2 — Download Data and Set Up ArcGIS Pro Project

2.24 Agree to the Terms of Use and click Download, you will need to enter your email and login
or create a free account.

Your refined selection

Contains 5 bathymetry data sets

642.61 km?

Standard data download
Download a free Zip file with the full data for your chosen data sets,
instantly from your browser.

The file format for free download is set to ASCIl or BAG depending
on the data set.

To download we will first take you to sign in.

Terms of use for the data are included in your zip file. Learn more
here.

Check here to agree to the Terms of Use

File Size

Approx size: 498 GB

¢ Backtoselection

Figure 2.24. © Crown Copyright 2020 UK Hydrographic Office

2.25 The data will be downloaded in a zipped folder. Extract the contents into your
C:\local\Scanned_Seismic_Project\Datasets\Bathymetry folder.

Windows (C:)  *  local

W

Scanned_Seismic_Project » Datasets » Bathymetry »

T Sort ~ = View - e
Mame Date modified Type Size
_ 1976 2006-293736 Moray Firth Tarbat Mes...  06/08/2024 12:30 File folder
_ 2006 HI1150 Tarbat Mess to Sarclet Head ...  06/08/2024 12:31 File folder
_ 2006 HIT150 Tarbat Mess to Sarclet Head ... 06/02/2024 12:31 File folder
_ 2020 HI1582 Moray Firth 0-40m 2m S0TP 06/08,2024 12:30 File folder
_ 2020 HI1582 Moray Firth 38-280m 4m S0TP 06/08,2024 12:31 File folder
Terms of Use.pdf 06,/08,/2024 12:30 Adobe Acrobat D... 465 KB
Figure 2.25

14



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.26 Inside the folders that have been extracted, you will see a series of files, and another
zZipped folder. The useful files here are the BAG file(s).

»  Bathymetry > 2006 HI1150 Tarbat Ness to Sarclet Head 2m 5B »

Tl Sort = View ses
Mame a Date medified Type Size
| D 2006 HI1150 Tarbat Mess to Sarclet H... 06/08/2024 12:31 BAG File 234 343 KB
|£ 2006 HI1150 Tarbat Mess to Sarclet H...  06/08/2024 12:42 XML File 4 KB
D 2006 HI1150 Tarbat Mess to Sarclet H...  06/08/2024 12:41 OVR File 110,643 KB
2 2006 HI1150 Tarbat Mess to Sarclet H...  06/08/2024 12:31 Compressed (zipp... 1,430,857 KB
|=] 2006 HI1150 Tarbat Mess to Sarclet H...  06/08/2024 12:31 XML File 26 KB

Figure 2.26

2.27 In your GIS project, in the Catalog pane, you should see the downloaded folders and files
within the tree. The BAG files will appear as rasters. Expand one of the rasters to see the
different bands — generally they will have an ‘elevation’ band and an ‘uncertainty’ band.
Drag and drop an elevation band into your map. When asked to Build pyramids, leave the
defaults (checkbox next to ‘Build’ under Pyramids is selected) and click OK.

4 i Folders

% Scanned_Seismic_GIS
N ds and calculating statistics may take time, however you will only need to

4 Datasets

4 Bathymetry

3736 Moray Firth Tar..

farbat Ness to Sarclet..

Pyramids

v| Build

06 HI1150 Tarbat Ness to Sar.

) elevation
> Options
%) uncertainty
A Always use this choice
11150 Tarbat Ness to Sar.

[arbat Ness to Sarclet. Statistics
11150 Tarbat Ness to Sar. V| Calculate

=) elevation > Options

J uncertainty Always use this choice

150 Tarbat Ness to Sar..

Learn

foray Firth 0-40m 2.

2020 HI1582 Moray Firth 38-80m 4.. A P
oK Cancel

Scanned_Seismic

Figure 2.27

2.28 Add as many of the elevation rasters as you require to your map in the same way. The
vertical datum for the UKHO bathymetry is metres below lowest astronomical tide (mLAT).

2.29 You may want to create a seamless bathymetry dataset over your area of interest by
combining multiple rasters. To do this, go to the Analysis tab, open Tools, and in the
Geoprocessing pane that appears, use the search bar to search for ‘Mosaic to new raster’.

Geoprocessing v X
(_—_,' mosaic to new raster v 'b'
Mosaic To New Raster (Dziz Mznzgement Took
Merges multiple raster datasets into a new raster
dataset.
“ BE
Figure 2.28
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Part 2 — Download Data and Set Up ArcGIS Pro Project

2.30 Select the rasters you have in your map (the elevation bands) as the input rasters, select
your C:\local\Scanned_Seismic_Project\Datasets\Bathymetry folder as the Output
Location, give a name that is less than 13 characters long, choose the relevant UTM zone
as the Spatial Reference (the same coordinate reference system as the original
bathymetry downloads), change the Pixel type to ’16 bit unsigned’, input a suitable cellsize
that is similar to the original downloaded bathymetry, input 1 as the number of bands, set
the Mosaic Operator and Mosaic Colormap Mode to ‘First’. Everything else can be left as

the defaults. Run.

P
|_\_(_—J|

Geoprocessing

Maosaic To New Raster

v I X
[:-E:l

Parameters Environments

Input Rasters 'ZE-‘._:'

5

| 2006 HI1150 Tarbat Ness to Sarclet Hei ~ |

% | 2006 HI1150 Tarbat Ness to Sarclet Hei |

- |

Cutput Location

| Bathymetry

Raster Dataset Mame with Extension

| MF_Bathy

Spatial Reference for Raster

| WGS_1984 UTM_Zone 30N

Pixel Type

| 16 bit unsigned

Cellzsize |

Mumber of Bands |

Mosaic Operator

| First

Muosaic Colormap Mode

| First

Figure 2.29

2.31 The new raster should have appeared in the table of contents if the process completed
correctly. If so, remove the originally downloaded bathymetry rasters from your map by
right-clicking on them in the table of contents and selecting ‘remove’, so you are left with
the mosaic. Change the name of the layer for the merged bathymetry in the table of
contents to add the suffix ‘mLAT’.
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2.32 The next step is to generate a bathymetry dataset that is plotted in two-way-travel time
from the merged bathymetry raster, so it can be compared directly with the scanned
seismic data. To do this, you need to perform a depth to time conversion. In Analysis >
Tools search for ‘Raster Calculator’.

Geoprocessing v B X

(&) | raster calculator % v+

Raster Calculator (Imzgs Anzlyst Tooks
Build and run a single map algebra expression
using Python syntax.

F

Figure 2.30

2.33 Use the Raster Calculator tool to create an expression that will convert the bathymetry
values to two-way-travel time ((2 x Raster) + water velocity in metres per second). Use an
appropriate value for the velocity. In this example 1490 m/s is used. Give the output raster
an appropriate name i.e., the same as the name you gave the merged depth bathymetry,
but with the suffix TWT’, this time use the default output location (which will be the
project’'s geodatabase, but check the raster can be exported later) — you may also want to
add the velocity value you used to the name if you have enough character space (at the
very least, make a note of the velocity you used). Go to the ‘Environments’ tab and select
the same UTM zone coordinate system you have been using for the bathymetry as the
Output Coordinate System. Under ‘Extent’ click on the second icon and select the input
raster (the top/left/right/bottom coordinates will then be filled out automatically). Select the
input raster under ‘Cell Size’ and select ‘Preserve Resolution’ under Cell Size Projection
Method, and select the input raster under ‘Sanp Raster’.

Parameters Environments

Geoprocessing v X
. v Output Coordinates
(v—\ Raster Calculator 't':' Output Coordinate System
WGS_1984_UTM_Zone_30N
Parameters Environments ’ Geographic Transformations
Map Algebra expression v Processing Extent
Rasters Tools Extent
[ v i 0y ¢
MF_Bathy_mLAT A B ==
7 Extent of data in all layers
& Tog ShotPoints
Lef SeismicReflection
- Rig  mfbathy_mLAT
Botfom | 836626.93878548
/ v v Extent Coordinate System
British National Grid
(2 * "MF_Bathy_mLAT")/1490 A

v Raster Analysis
e Cell Size
mf_bathy_mLAT
Cell Size Projection Method
Preserve resolution

Output raster Mask

MF_Bathy_TWT

Snap Raster
mf_bathy_mLAT

Figure 2.31

17



Part 2 — Download Data and Set Up ArcGIS Pro Project

2.34 You may find that it is worth exporting the raster from the project geodatabase to your
Bathymetry folder, so that it can be shared, or more easily imported into other projects.
Right-click on the newly created raster in the table of contents and go to Data > Export
Raster. Select the appropriate output location folder (your Bathymetry folder), and you
should be able to leave most other fields as the defaults (you can leave the format as
TIFF). You may want to ensure that the cell size fields are integer values if they have
included a lot of decimals (e.g., 4 and 4). Click ‘Export’.

= % Remove
4|v| MF_Bathy TWT

Value Group
0.00394631

. -0.108266 Data Design N

Output Raster Dataset
C:\local\Scanned_Seismic_Project\Datasets\Bathymetry\MF_Bathy_T\ i

Output Format

TIFF v

v Spatial Reference System and Clipping Options
Coordinate System

4 mf_bathy_mLAT |l, Create Chart >
Value WGS_1984_UTM_Zone_30N v| &
294 Geographic Transformations
Joins and Relates > None ki
I -80.658 Clipping Geometry @
v| World Topographi¢ =, Zoom To Layer Default ¥

v| World Hillshade Maintain Clipping Extent @

1:

-h

Zoom To Source Resolution v Raster Properties

Cell Size
X 4 Y 4
Raster Size
. Symbology
Columns 43059 Rows 29795
3 Disable Pop-ups
o Pixel Type
% Configure Pop-ups i
32 Bit float v
Data > NoData value
) I 2
Elevation > = Export Raster
Figure 2.32

2.35 The exported raster will probably have been automatically added to your map, you may
want to remove the one from the geodatabase from the map, leaving only one.

2.36 If the exported layer has a white background obscuring other elements of your map, right-
click on the raster in the table of contents and open the Symbology panel. In the
Symbology panel, go to the ‘Mask’ tab, and tick the checkbox next to ‘Display background
value’. Ensure that ‘No color’ is selected as the fill. The background value is probably 0,
which is entered by default in the value field, so the background should have disappeared,
if not, you will have to look at the histogram for the raster dataset to work out which pixel
value is the background value (where there is an unrealistic spike).

z ) Statistics Mask = Advanced Labeling
4[| MF_Bathy_TWT.tf .~ Symbology
Val v| Display background value
= ueo seotees (3 Disable Pop-ups Symbology 0
0039463 -
l'— Configure Pop-up: Show symbology for the selected | nodata [ [£INo color
-0.108266 " 1 Iayer' ArcGIS Colors
ata >
Figure 2.33

Now you have a reference map within an ArcGIS Pro project to work from. Save and back
up. The next stage is to assess which of the legacy seismic data is workable, prepare the
chosen scanned image(s) for import into ArcGIS, and then make an interpretation.
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Within your GIS project, look at which seismic lines you may want to use by assessing their
location relative to the bathymetry — lines which are coincident with bathymetry over most of
their length will be easier to work with, but that doesn’t mean they will be particularly useful
scans if the seismic data is very noisy.

Shortlisting which seismic lines are usable in terms of feasibility of geological interpretation may
take some time and will rely largely on brief visual inspection of the scanned data. You may
want to involve a colleague(s) to help you assess whether a scan can be interpreted for your
purpose. Ideally, you would include as many of the scans as possible within your region of
interest.

3.1 To assess the scan, you'll need to identity one you'd like to query, use the ‘Explore’ tool to
left-click on the line (one of the line features in the ‘Seismic_Reflection’ layer/shapefile) to
bring up its attributes. You will see “CRUISE_LIN” make a note of this for the line(s) you
want to work with. For example, the line shown below is 1970/3#52.

Pop-up » B X
4 Seismic_Reflection (3)
[1970/3 |
1970/3
1970/3
Seismic_Reflection - 1970/3
: FID 151
o1 MoreY - SVY_LINE_ 96289
CRUISE 1970/3
mess SVY_LINE 52
] CRUISE_LIN
™ . =3 CLIENT British Geological Survey
. 2.2603026°W 58.0437651°N v CONTRACTOR  British Geological Survey
GEOPHYS_EQ  |Transit Sonar
ADDITIONAL .
select By Attributes +§ Zoom To ?é‘ Switch & Clear % Delete 5’ Copy . N
SVY_LINE CRUISE_LIN CLIENT 1of3p 2.8739987°W 57.9812814°N @l g
Figure 3.1

3.2 Each line may have multiple seismic data types associated with it. In the example above,
though only one line was selected, the Pop-up shows ‘Seismic_Reflection (3)’, so there are
3 different elements detected at the same line location. The one that is currently selected
is the ‘Transit Sonar’ line, which is shown in the ‘GEOPHYS_EQ'’ field.
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3.3 Inthe Pop-up, look at which data are associated with the line location. You may be
interested in different data types depending on your specific goal. For the example in this
report, we are interested in the ‘Sparker’ data. Select the identified data which has

‘Sparker’ in the ‘GEOPHYS_EQ’ attribute field.

Pop-up

4 Seismic_Reflection (3)

1970/3
1970/3

[1970/3

Seismic_Reflection - 1970/3

CRUISE 1970/3 -
SVY_LIME 52
CRUISE_LIN 1970/3%52
CLIENT British Geclogical Survey
CONTRACTOR Bntish Geological Survey
GEOPHYS EQ T
Figure 3.2

3.4 Scroll down in the Pop-up to the ‘SCAN_URL’ attribute field, where there will be a
hyperlink to where the scanned seismic data is stored online. Click on the link, which will
open the scan viewer in your default web browser.

Pop-up v
4 Seizrmic_Reflection (3]
1970/3
1970/3
i [1970/3

Seismic_Reflection - 1970/3
420947
965374

END_X¥_BNG
END_Y_BNG
CRUISE_DAT

SCAM_URL https://largeimages.bgs.ac.ukfiip/offgecphys.h

id=1970 3/19379564
SCAM_DOWNL | hitps://wel

SCAN_IMFOR  Fix (1-25; 26-66) on record. Data gap fix 24.5-2
28.5. Fix 21-28; 40 missing line.,
CONFIDENT!  |unclassified (open file)
ACCESSUSE_  |unrestricted use, copyright acknowledgement ..
L4 *>
4 30f3 2.8730587°W 57.9812814°N &0 = g
Figure 3.3
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3.5 The page that opens will look something like the example below. Here you can zoom in
and out, scroll around the image and make your own visual assessment of the data to
determine if you will be able to extract any useful interpretations from it based on the
image quality. Don’'t worry if there are ‘steps’ in the scan where it doesn’t line up along the
length — you will be able to work around this by splitting the image.

Figure 3.4

3.6 If you are confident that the scanned data will provide useful information, go back to the
GIS project, and in the Pop-up, scroll down to the ‘SCAN_DOWNL’ attribute field. Click on
the link there, which will take you to the download page online, agree to the terms and
download,

Pop-up v O
4 Seismic_Reflection (3)

1970/3

1970/3

[1970/3

Seismic_Reflection - 1970/3
ENU_Y_BING YOd33/4

CRUISE_DA

SCAN_URL

gs.ac.uk/iip/offgeophys.bv

SCAN_DOWNL  https://webapps.bgs.ac.uk/gecindex/data/dow
geophysical-data.cfm?id=1970 3/19379564

/—'\ British
About BGS

Geological

BGS
v Survey

Home > Data > Map Viewers > Download JI

The image is delivered under the Open Government Licence, subject to the following a
The image is made available in JP2 format. JP2 image viewing software is required.
Contact Offshore Data for more information.

4 | agree to the above terms.‘ Download ‘

Figure 3.5
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3.7 The file will be downloaded to your Downloads folder by default. In your
Datasets/Scanned_Seismic folder within your project space, create a new folder called
‘Raw_Scanned_Seismic’. Move your downloaded scan file into this new folder.

(J » - Scanned_Seismic_Project > Datasets > Scanned_Seismic
@D W M osort = View
MName Date modified Type
‘ Raw_Scanned_Seismic 08/01/2025 11:33 File folder
D Seismic_Reflection.cpg 06/01/2025 12:09 CPG File
D Seismic_Reflection.dbf 06/01/2025 12:08 DEF File
D Seismic_Reflection.lyr 06/01/2025 12:09 LR File
D Seismic_Reflection.pr) 06/01/2025 12:09 PRJ File
Figure 3.6

3.8 Rename the scan file with the line name and data type (but do not include the / or # in the
file name). For example CRUISE_LIN 1970/3#52, GEOPHYS_EQ Sparker becomes
‘Sparker_1970_3 52'.

[l » -+ Datasets » Scanned Seismic > Raw_Scanned_Seismic
@D (= T Tl Sort = View s
Mame Date modified Type
||] Sparker_1970_3_52,jp2 08/01/2025 11:29 JPZ File
Figure 3.7

3.9 The next step is to prepare the scanned image for import into GIS. To do this you will need
to use drawing software, such as CorelDraw or Adobe lllustrator. For the example in this
report, we will use CorelDraw.
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3.10 Open CorelDraw and create a new document (the default document settings are ok for the
purposes of this exercise). Drag and drop the scanned seismic .jpg2 file into blank page (it
may take a few moments for the image to load on the page).

D CorelDRA

Ele  Edt  View Layout Object Effects Bitmaps Tet Joble Tooks  Window Help

-84 F.Gal 5- 0 QM = WG B R sk - & ] e -
B b, | TAN @ ks O o M e mewm- mEED¥. B SS s
.‘Q Wecomssoon ] Vobest” S E . - . F— E - e WX
R r ) r = E - o & ! " 2 v & " ! & . . 1 t . D] prs "
7y (3 @ Pagel Layer) o,i
g v Page 1
o¥ 1 Guides Al?
$ & v % layert 'i
' i
D.: ¥ Master Page
5 1 Gudes ol pges) al
O‘g M Desiaop a0

A 4 Document Grid wal|
A Ao
7, i
i s
= §
= i

H
2.8
2 H
J B +
+ e
a
+ 4« Tl > Mo Page 1
Wi SELW

Figure 3.8

3.11 Create another new folder in your Datasets/Scanned_Seismic folder called
‘Image_Prep_CorelDraw’ save your CorelDraw file to this location with the same name as
the name you gave to the scan, but with the suffix ‘_prep’.

f;] » = Datasets » Scanned_Seismic » Image_Prep_CorelDraw

M @ & W NSotv = Viewv  =as
s
Mame Date modified Type
Sparker_1970_3_32_prep.cdr 08,/01,2025 12:14 CorelDRAW 2024 ...
Figure 3.9
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3.12 If the data has “steps”, where the grid lines long the length of the image do not line up (as
is the case for the example here), you’ll need to duplicate the image and then use the crop
tool, probably multiple times, so that you have a series of separate images without these
steps.

0 e s O e G T e e e
L) WEF ™ NGB E s 0 Do -
Gl A 0lo G la e | Slaee (3 R o)

-
W Sy cD-A5648
o oM BB " OE s O Tuee - =

(3 @ Pget Layer o)
v Paget
+ Guides al
v S layert I
— Siep
— simap
i ] e
i e
= imep
l —me
- ¥ Master Page
| R S R e Be— a|

M Deskiop al
3 Document Gid e

Figure 3.10

3.13 Each segment of the image you now have will need to be exported as separate image.
First create another new folder within your
Datasets/Scanned_Seismic/Image_Prep_CorelDraw folder space and call it the name of
the seismic line you’re working on, with the suffix *_noref_jpegs’.

[;] » == Datasets » Scanned_Seismic  * Image_Prep_CorelDraw
T @) W N Sortv = View v ees
£
MName Date modified Type
S Sparker_1970_3_532_noref_jpegs 08/01,/2025 12:41 File folder
Sparker_1970_3_52_prep.cdr 08/01,/202512:14 CorelDRAW 2024 ...
Figure 3.11
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3.14 Starting with the image that was cropped from the first part of the seismic line, select the
single image in CorelDraw, then go to ‘File > Export’. Navigate to the folder you just
created, ensure that the ‘Selected only’ checkbox is ticked, and give the export the name
of the seismic line with the suffix *_part1’, make sure that the ‘Save as type’ is set to ‘JPG —
JPEG Bitmaps..’, Save. The default settings in the dialogue that appears should be ok, but
you might decide to change the quality from ‘High’ to ‘Highest’, click OK.

Repeat this process for all of the other image segments you have for as many parts as you
need. If you only have one part (if there were no ‘steps’) just save the one image.

b3 v “ Scanned_Seismic > |mage_Prep_CorelDraw > Sparker_1970_3_32_noref_jpegs
Organize = Mew folder

v W De | Name a Date modified Type
s MNo iterns match your search.

[ (e

File name: | Sparker_1970_3_5Z_part1.jpg

Save as type:  JPG - JPEG Bitmaps (*Jpg;™ jtf;*ff;* jpeg)

Date taken: Specify date taken Tags: Add atag Rating:

Selected only [ De not show filter dialeg ]

Figure 3.12

The next stage will be to import these images into your GIS project and “georeference”
them to a pseudo map space that approximates a distance versus two-way-time plane,
from which picks can be made returning X (distance) Y (TWT) coordinates. Those picks
can then be ultimately converted to XYZ (X — Easting; Y — Northing; Z — TWT) points to be
gridded.
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The next aspect of this workflow will be carried out within your GIS project.

4.1 Within your GIS project, go to the Insert tab and click on ‘New Map’. Change the name of
this map to the name of the Seismic line you are going to work on — in the example
detailed in this report — Sparker_1970_3 52.

4.2 Remove the ‘World Topographic Map’ and the ‘World Hillshade’ layers from the map so
that you have a blank canvas.

Project hMap Insert Analysis View Edit Imagery Share GDI Tools Help
__3 |;"] Mew Report ~ glmpnrthﬂap [I_‘_1 - == . 2,

New  New il New Notebook ~ =] Import Layout ~ Connections  Add New Point Map Line Map Pi
Map ~ Layout~ g5 Toolbox ~ @ Task v ~ Folder Investigation Motes MNotes Ma
Project Knowledge Graph
Contents w % D Reference_Map D Sparker_1970_3 52 X

T Search Fel v|
O8N/ H &
Drawing Order
4 [F] Sparker_1970_3 52
Figure 4.1

4.3 Right-click on the map name in the table of contents, go to properties and select
Coordinate System, select a projected coordinate system that uses metres as the map unit
e.g., British National Grid.

Contents v oo I:‘ Reference_Map I:‘ Sparker_1970_3 52 X
c i 1
T | Search )
Map Properties: Sparker_1970_3_52
= K ==
= L ' + e General Select the Coordinate System to view the available op
Extent
Drawing Order ) Current XY
Clip Layers
4 Sparker_1970_3_52
EEEE Metadata British National Grid
Coordinate Systems
Transformation -
o XY Coordinate Systems Available 2€a
lllumination
¥OOIWILLETIGIIU difid LIECTILENISLET
Label
el b Turkey
Color Management b Ukraine
4 United Kingdom
(T British National Grid ¢

@HED 1950 TMO N
-v:'vl IRENETY5 Irish Tranverse Mercator
(% IRENET95 UTM Zone 29N

Figure 4.2
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4.4 At the bottom of the map window, click the drop-down arrow next to where the cursor
location is displayed and change the display units to metres.

Meters
Feet
US Feet

Decimal Degrees

Change the map display units

Degrees Minutes Seconds
Degrees Decimal Minutes
MGRS

US Mational Grid

UM

Format Location Units

Figure 4.3

4.5 Click on the ‘Map’ tab in the top ribbon of your project and select ‘Go To XY’ from the top
ribbon in the ‘Navigate’ tab. Change the units from the default ‘dd’ to ‘Metres’ and enter 0
for both X and Y and press enter.

Map Insert Analysis View
a . ! v

h -
«» . -
Y K2 L—LJ i X: O Y: 0 *IIm v (@) v
Explore 7~ “¥ Bookmarks Go
v v To XY

1 Navigate [

Figure 4.4

This map space is now ready to add a pseudo-spatial reference to the JPEGs from the
scanned seismic you created in section 2.3.

4.6 Open the Catalog Pane (if it was closed you will need to go to the View tab and click on
Catalog Pane). Within the Catalog Pane, Expand ‘Folders’ and expand the folders using
the small arrows to navigate to where you exported your JPEGs from CorelDraw.

Catalog

Project Portal Computer Favorites
? Search Project

b g Maps

I [ Toolboxes

I 5 Databases

b feE Styles

4 fry Folders

& Scanned_Seismic_GIS
L Datasets
Bathymetry
A Scanned_Seismic
rl Image_Prep_CorelDraw
4 Sparker_1970_3_52_noref_jpegs

b BB Sparker_1970_3_52_partl,jpg
b BB Sparker_1970_3_52_part2jpg
b B Sparker_1970_3_52_part3.jpg
b B Sparker_1970_3_52_partd.jpg
v B Sparker_1970_3_52_part5.jpg

Figure 4.5
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4.7 Check which of the image files (jpegs) clearly has a number of horizontal and vertical grid
lines — this will be important for the following georeferencing process — and choose one of
these images to work on first. Drag and drop your chosen first image into the map space.
Click Ok if you are asked to Build Pyramids.

Right-click on the image in the table of contents and zoom to layer.

Contents [C] Sparker 19703 52 X

Y Search

=0 B + &

Data Design »

|, Create Chart >

=<

Drawing Order

Joins and Relates »
4[] Sparker_1970_3_52

A|¢ Sparker_1970_3 52 partljpg e T Ly

RGE

Zoom To Layer
I Red: Band_1 11 Zoom To Source Resclution
_ Zoom to the extent of the selected
Green: Band_2 layers.
M Blue: Band_3
~  Symbelogy
lﬂ Disable Pop-ups
’f_' Configure Pop-ups
Data »

Elevation >

Sharing >

|__L] View Metadata

[T .

Figure 4.6

4.8 Have a look at the original image for the scan, somewhere, probably on the left-hand side
of the image, there may be an information box with some hand-written details. The
important information to make a note of here is the ‘T. Marks’ — which tells you the two-
way-time interval at which the horizontal grid lines are drawn. In Figure 4.7 below, the
example on the left shows that the interval is 40 ms, whereas the example on the right for
data from a different cruise, indicates that the interval for that data is 100 ms.

Be careful and check through the data you are using thoroughly to ensure you use
the right interval for your data. This report will use the data with 40 ms intervals as

the example.

F&RE 25¢ Fencles
%ic Wm
fog baet 200 -%e0
ﬁﬁbmﬁm’
2 Ssenp [y
16D we pea (s L

1690} Spesn

EQUIPMENT TeoTH 8RuS H

POWER t, 000 X
SWEEP SPD. 250 mS
T. MARKS “40O ws

FILTER BAND \@0 = ¥00

4 swps) h-3

Figure 4.7
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4.9 In your GIS project, on the map space for the seismic line, zoom in on the image to where
you see the grid lines, you should see labels for the vertical grid lines. These labels refer
back to the ‘Shot_Points’ shapefile you have plotted in your Reference_Map, specifically
the ‘FIX’ attribute of that shapefile. In the example below (Figure 4.8) the label ‘52/2’ refers
to the Shot_Points shapefile feature with attributes: CRUISE_LIN 52 and FIX 2 (cruise line
52, shot point 2).

Figure 4.8

4.10 To check this, go to your Reference_Map in your GIS project, right-click on the
Shot_Points layer and open the attributes table. In the attributes table, right-click on the
‘CRUISE_LIN’ column, and click on ‘Custom Sort'.

i#8 Shot_Points )
- = Sort Ascending
. b o 3 - =M R -
Field: E Add @ Calculate  Selection: Lgg Select By Attributes *e Switch : IF Sort Descending .
FID Shape* SVY_LINE_| CRUISE SVY_LINE CRUISE_LIM T Custorn Sert Ctrl+Shift+5 CODE EPSG
1 | 122 Paoint 95412 | 1966/3 1 1966/3#1 FDs0
% Felds Custom Sort (Ctrl+Shift+S)
2 111 Point 95412 1966/3 1 1966/3%1 ustom Sox r
3 107 | Point 95412 | 1966/3 i 1966/3%1 ' E3 Hide Field Sort the table by multiple fields or
. = . make the sort case sensitive.
4 |99 | Pnint 95417 | 196A/3 1 19RR/3#1 Freeze/Unfreeze Field — R
Figure 4.9

4.11 In the dialogue box that opens, choose ‘Ascending’ as the Sort method for ‘CRUISE_LIN’,
and then add ‘FIX’ as the second field, and choose ‘Ascending’ as the Sort method for this
as well. Click OK.

Custom Sort X
Field Sort

|CRUISE_LIN +|| Ascending -

(Fix +||Ascending .|

|[Nc-ne} v| -

|:| Case sensitive

| oK | | Cancel

Figure 4.10
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4.12 Scroll down in the attributes table to the CRUISE_LIN you are working on — in this
example, 1970/3#52. The important things to note here are the coordinates that relate to
the shot points at the vertical grid lines on your scan that you are going to use to add a

spatial reference. Specifically the X_BNG and Y_BNG coordinates.

25 Shot_Points X

Field: fF Add [E Calculate

2450
2451
2452
2453
2454
2455
2456
2457
2453
2459
2460
2461
2462

‘CRUISE_LIN

1570/3#51
1970/3#51
1970/3#51
1570/3%51
1970/3#52
1970/3#52
1970/3#52
1570/3#52
1970/3#52
1970/3#52
1970/3#52
1970/3#52
1970/3#52

Selection: E_‘g Select By Attributes @2 Zoom To ?E“ Switch B Clear [ Delete 5’ Copy

~ SUBFIX DATETIME |EPSG_... EP.. X Y XY_SOURCE X_ED50 Y_ED50 X WG5S84
10 0| 03/06/1970 | 4230 ED50 -3.336 57.7454 Main Chain De...| -3.336| 57.7454 | -3.337703
" 0| 03/06/1970 | 4230 EDS0 -3.3733 57.7404 Main Chain De... | -3.3733  57.7404 | -3.375004
12 0| 03/06/1970 | 4230 ED50 -3.4148 57.7351  Main Chain De... | -3.4148 | 57.7351 | -3.416505
13 0| 03/06/1970 | 4230 EDS0 -3.4535 57.7305  Main Chain De... | -3.4535 | 57.7305 | -3.455205
1 0 03/06/1970 4230 ED50 -3.5215 57.6982 Main Chain De... -3.5215 57.6982 -3.523206
2 0| 03/06/1970 | 4230 EDS0 -3.4936 57.7131  Main Chain De... | -3.4936 | 57.7131 | -3.495306
3 0| 03/06/1970 | 4230 ED50 -3.4633 57.7275 Main Chain De... | -3.4633 | 57.7275 | -3.465006
4 0| 03/06/1970 | 4230 ED50 -3.4327 57.7423  Main Chain De... | -3.4327 | 57.7423 | -3.434405
5 0| 03/06/1970 | 4230 ED50 -3.4014 57.757 Main Chain De...  -3.4014 57.757  -3.403105
6 0| 03/06/1970 | 4230 ED50 -3.3T1 57.7718  Main Chain De... | -3.3711 | 57.7718 | -3.372805
7 0| 03/06/1970 | 4230 EDS0 -3.3392 57.7856 Main Chain De... | -3.3392 | 57.7856 | -3.340905
8 0| 03/06/1970 | 4230 ED50 -3.3074 57.7995  Main Chain De... | -3.3074 | 57.7995 | -3.309105
9 0| 03/06/1970 | 4230 EDS0 -3.2763 57.8126 Main Chain De... | -3.2763 | 57.8126 | -3.278005

Figure 4.11

¥_WGSB4
57.744705

57.739705
57.734404
57.729803
57.697501
57.712402
57.726803
57.741604
57.756305
57771106
57.784907
57.798808
57.811909

X_BNG
320467 41903

318235.83526
31575288332
31343764013
309307.5943
311007.03441
312846.84779
314704.04421
316601.1917
318437.5862
3203654516
322286.15589
324162,15153

Y_BNG
B73561.72111

873049.52257

872510.3744
872047.09236
86854043212
870162.08683
871725.69761
873334.28811
87403172974

876542.3911
878040.67396
879551.11826
880974.19473

Now that you know where to find the relevant coordinates, you can begin adding the initial
spatial reference for the image. Note that this process uses a ‘fudge’ whereby the X and Y
positions you add to the map are a proxy for XZ coordinates of the vertical plane of the
seismic section. Later outside of GIS you can convert the coordinates into XYZ. However, also
note the caveat that this process assumes that the seismic line you're working with is a straight
line (small deviations from a straight line are acceptable for this purpose, but if the section is
dog-legged it should be slit up into approx. straight-line segments).

4.13 Make sure the jpeg you want to add the spatial reference to is selected in the table of
contents and then go to the ‘Imagery’ tab in ArcGIS Pro’ and click on ‘Georeference’. Click
on ‘Add Control Points’. Zoom in on the intersection of the grid lines at the first shot point
and click once.

w Edit Imagery Share GDI Tools Help Raster Layer Data

& lﬁ 3 Auto Apply ? Delete All l[;]

= = » A

wt  Add Control Transformation Control Save Saveas  Export  Generate
Soints  Points v © Reset Point Table _ Delete New Control Points Report | (

Adjust Review Save

tract_Seafloor [F] cL_1970.3 50 [E] Reference_ Map M cL 1970523 X

Figure 4.12
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4.14 Right-click and a ‘Target Coordinates’ dialogue will open. For the X coordinate, enter 0
(assuming your control point is at the first shot point). The coordinates will be converted to
the true coordinates later.

For the Y coordinate, there is some more ‘fudging’. For the example in the image for step
4.13, the control point has been added at the first ‘T.Mark’ after the record start, so at

40 ms for this scan. However, given the length of the image and the vertical exaggeration,
enter a value that will preserve a useful aspect ratio for the image. So, a suggestion
would be 10x the ms value. Additionally, we want to the values to represent elevation in
time, so they should be negative (this will be important later and to ensure the image
doesn’t flip upside down).

Enter your value (e.g., -400 for the example) for the Y coordinate. Press OK.

Target Coordinates

X: { 0.000000 C’ Y: I -40d CI [ ] Show Coordinates in DMS

‘ oK ] | Cancel

L ]

! To point (target)
i T TR

Figure 4.13

4.15 Scroll to the other end of the image and find another point where the grid lines cross. Look
at what the shot point number is — double check the shot point numbers on adjacent
vertical grid lines, because the handwriting may be difficult to decipher e.g., in the example
below (Figure 4.14) the shot point number is 16.

.....

s, 0 LT

Figure 4.14
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4.16 Getting a useful X value for this second shot point location and subsequent locations is
more involved. Go back to the attributes table for Shot_Points (as in step 4.12) and make a
note of the X_BNG and Y_BNG values for this shot point (as well as the first shot point or
the first shot point that you added a control point for).

For the example here (Figure 4.15), shot point 1 has: X_BNG 309307.5943 Y_BNG
868540.43212; and shot point 16 has: X_BNG 337677.60968 Y_BNG 890563.66588.

Field: [ Add [E] Calculate  Selection: Ejg Select By Attributes &2 Zoom To ?éSwitch E Clear [ Delete ECopy

‘CRUISE_LIN - FIX « SUBFIX  DATETIME |EPSG_.. EP.. X Y X¥_SOURCE X_ED50 Y_EDS0 X _WGSB4 Y _WGSB4 Y_ENG
2454 197 1 0 4230 ED50 -3.5215 57.6982 Main Chain De... -3.5215 57.6982 -3.523206 57.697501 309307.5943 B868540.43212
2455 2 0 | 4230 ED50 -3.4936 57.7131 | Main Chain De... | -3.4936 | 57.7131 | -3.495306 | 57.712402 | 311007.03441 | 870162.08683
2456 3 970 | 4230 ED50 -3.4633 57.7275 | Main Chain De... | -3.4633 | 57.7275 | -3.465006  57.726803 312846.84779 | 871725.69761
2457 4 970 | 4230 ED50 -3.4327 57.7423 | Main Chain De... | -3.4327 | 57.7423 | -3.434405 | 57.741604 | 314704.04421 | 873334.28811
2458 5 0 | 4230 ED50 -3.4014 57.757 | Main Chain De... | -3.4014 | 57.757 | -3.403105 | 57.756305 | 316601.1917  874931.72974
2459 6 970 | 4230 ED50 -3.3M 57.7718 | Main Chain De... | -3.3711 | 57.7718 | -3.372805 | 57.771106 | 318437.5862 | 8765423911
2450 7 970 | 4230 ED50 -3.3392 Main Chain De... | -3.3392 | 57.7856 | -3. 57.784007 3203654516  878040.67396
2461 g 0 | 4230 EDS0 -3.3074 Main Chain De... | -3.3074  57.7995 57.798808 | 322286.155890 | 879551.11826
2462 9 ED50 -3.2763 Main Chain De... | -3.2763 | 57.8126 | -3.278005 | 57.811909 | 324162,15153 | 880974.19473
2463 10 ED50 -3.2457 57.8252 | Main Chain De... | -3.2457 | 57.8252 | -3.247405 | 57.824509 | 326006.09862 | 882343.02207
2464 1" ED50 -3.2134| 57.8377 | Main Chain De... | -3.2134 | 57.8377 | -3.215104 | 57.83701 | 327949.52752 | 883699.74376
2465 12 ED50 -3.1806 |  57.8504 | Main Chain De... | -3.7806 | 57.8504 | -3.182304 | 57.849711 | 32992170723 | 885079.1454
2466 13 ED50 -3.1478 | 57.8626 Main Chain De... -3.1478 57.8626 -3.149504 57.861912 33180158488 | 886403.84393
2457 14 EDS0 -3.1145 57.8745 | Main Chain De... | -3.1145 | 57.8745  -3.116204  57.873813 333880.26520 | 887695.61456
2468 15 ED50 -3.082 57.8869 | Main Chain De... | -3.082  57.8869 -3.083703 57.886214 335839.10771 | 889044.79668
2469 16 ED50 -3.0514 57,9008 Main Chain De... -3.0514 57.9008 -3.053103 57.900115 337677.60968 B90563.66583

Figure 4.15

4.17 To ensure you avoid any errors that may be the result of poor positioning when the shot
point locations were originally recorded during data acquisition (during the cruise), double
check that the points match (at least to within a few metres). To do this, find the shot
point(s) you have selected on the map, right click on one using the select tool and go to
copy coordinates — you can then paste these in excel/word, and check the ones from the
attributes table against them. If significantly different — use the coordinates copied this
way, as you know they will match the line feature’s position (important for matching to the
bathymetry later on).

E‘]J Copy Ctrl+C
[l Delete Ctrl+D
o Explore Ctrl+Alt+C
ﬂ What's here?
Copy Coordinates Copy Coordinates
Copy th t linates to th

Convert Coordinates > cﬁppécarfllcurren coprdmates tothe

I Select Features Ctrl+Alt+5
Figure 4.16

4.18 The distance along the line between the these points needs to be calculated by

J@)Z + (Ay)? soi.e., ((337677.60968 - 309307.5943)? + (890563.66588 -
868540.43212)%)12 = 35914.90774

Note that you may need to think carefully about the orientation of the line, the
example provided here is simple, because both X and Y increase as the shot point
value increases, but this may not always be the case e.g., a different survey line may
have been acquired from north-east to south-west. In cases where X and/or Y
decrease as shot points increase, you just need to find the absolute value of Ax and Ay but
keep a note of the orientation for later on when you come to convert your pseudo spatial
information to the true XY coordinates.

32



Part 4 — Add Spatial Reference to Scanned Seismic

4.19 Repeat steps 4.13 and 4.14 for the second grid line intersection (shot point 16 in the
example Figure 4.14) and use the value calculated in step 4.17 as the X coordinate.

If you use another shot point other than the first shot point where the X value was
ultimately 0 to make your calculation, remember to add the result to the X value of the shot
point you are using instead, so that the X values are always increasing (see step 4.22 for
more explanation).

Target Coordinates o X

X | 35914907740 O | V: | -40d 2| [ Show Coordinates in DMS

| OK | | Cancel

)

Figure 4.17

4.20 Now you need another two control points at depth. Use the same vertical grid lines, but the
deepest horizontal grid line. Count the number of horizontal grid lines to calculate the
elevation in time. In the example here, the deepest horizontal grid line (T. Mark) is 6 from
the record start, so 6 x 40 ms — 240 ms, so -2400 should be entered as the Y coordinate.

Target Coordinates o X

X | 35914907740 C| V: | 2400 5| (] Show Coordinates in DMS

l OK I | Cancel

From point (source) =

Figure 4.18
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4.21 Save the Georeference using the save button in the top ribbon. Then Close Georeference.

HEe ¢ B &

Save Save as Export Generate Close
Mew Control Points  Report Georeference
Save Close
Save

Update the georeferencing
transformation of the source raster Georsferenc
dataset.

Transformat

Figure 4.19

4.22 If you split the line into segments (because there are steps/scan offsets/scaling issues, but
the line is still straight) then repeat for the other segments on this same map.
Close the georeference toolbar, click on the next image you want to georeference then
open the georeferenced toobar again. Note you will have to work out the offset for the shot
points as you did for step 4.16 and 4.17. You may want to use an excel sheet as an aid.

SUM v i X~/ fxv =SQRT(((B3-B2)"2)+((C3-C2)*2))+D2|

A B C D E F

SP _}'Z_BNG _Y_BNG _}{_map !
1.1]1]1]1]1]1 EIZIEESEI?.5943&185854&.43212 0.00000
lﬂ.ﬂﬂﬂﬂﬂl 33?5??_5[}9581591]553.55585 C2)"2))+D2
17.00000 339468.50038 892162.02024 38315.32982
20.00000 344764.00789 896706.68319 45293.60762
29.00000 361058.26836 909375.50067 65933.42014

FCS P R L

onooLA

Figure 4.20

4.23 You may notice the vertical grid lines are a bit hit and miss on the scans, so you’ll
have to use your initiative, but try to use vertical grid lines that are as far apart as
possible for your georeferencing control points.
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4.24 If you are using the same line as in the worked example detailed in this report, and
assuming you downloaded the same coverage of the Seismic_Reflection and Shot_Points
shapefiles to get coordinate values for the full length of the scan, you should end up with
something that looks like the image below.

T [ search ]
=08 /% &

Drawing Order
4[] Sparker_1970.3.52
4 (] Sparker_1970_3_52_part1jpg
RGB
M Red: Band_1
M Green: Band_2
M Biue Band 3
4 (] Sparker_1970_3 52_part2jpg
RGE
M Red: Band_1
I Green:Band 2
M Blue: Band 3
4 (] Sparker_1970_3_52_partdjpg
RGB
M Red: Band_1
I Green: Band_2
M Blue Band_3
4[] Sparker 19703 52_part5ipg
RGE
M Red: Band_1
M Green: Band 2
M Blue: Band 3

Figure 4.21

4.25 Check that the horizontal grid lines line up as you’re expecting. There may be gaps
between your different images, but this is expected.

Figure 4.22

The next step is to quality check this against the seabed and adjust the vertical
georeference values based on the mistie —the bathymetry data is likely referenced to a

lowest astronomical tide (LAT) datum, whereas the seismic data datum maybe somewhat
arbitrary.
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4.26 The original Seismic_Reflection shapefile coordinate system is decimal degrees, which is
problematic for the next step. To avoid issues, we need to create a new shapefile, by
creating a new line feature.

In the Catalog pane, find your Datasets/Scanned_Seismic folder, right-click on it, then go
to ‘New > Folder'.

R | T N R We——— o S P |
Mew b Folder Ctrl+5hift+F
- S File
+ Add To Project = TR Eolder (Crl+Shift+P)
Add To Favorites T Mobil Create a new folder.

Figure 4.23

Rename the folder ‘Scans_w_spatial_info’

P Scanned_Seismic

Image_Prep_CorelDraw

Scans_w_spatial_info

Figure 4.24

Right-click on your newly created folder and go to New > Shapefile.

[l B R 3 ) ‘o =B = L] e 1
Folder Chrl+Shift«F Mew 5 ; | Scans_w_spatial_info
) File Geodatabase Ctrl+Shift+D -+ Add To Project Raw_Scanned_Seismic

:j Seismic_Reflection.lyr

7 Mobile Geodatabase . —
Add To Favorites Il Seismic_Reflection.shp

BS Toolbox (.athx)

+ Add To Mew Projects :__BI Shot_Points.lyr

Eil Bython Toolbox E," Refrech E5 (=) Shot_Points.shp

. Notebook % cur cutex TermsAndConditions.tet

BE) LAS Dataset T Shapefiles

GeoPackage lﬂ] Copy ci-c Locators
, [ shapefile _ .
¥ & suitability Models Shapefile Cul-A?
{2 Locator Create a new shapefile. Ctrl+D
Figure 4.25
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4.27 This will open the ‘Create Feature Class’ Dialogue. In the ‘Feature Class Name'’ field, give
an appropriate name, e.g., ‘Seismic_w_ref. Make sure the ‘Geometry Type’ is set to
‘Polyline’. Change the ‘Coordinate System’ to ‘British National Grid’ (use the globe icon to
find the coordinate system). Leave the rest of the settings as the defaults. Click Run.

Geoprocessing v X
© Create Feature Class *
Parameters Environments @

Feature Class Location

| Scans_w_spatial_info |

Feature Class Mame

| Seismic_w_ref |

Geometry Type

| Polyline v |
Template Datasets @

| - |

01D Type

|Same as template V|
Has M

[No -]
Has £

[No -]

Coordinate System
| British_National Grid | @

Feature Class Alias

Figure 4.26

4.28 Now you will want to copy the line feature that relates to the scan you’'ve been working on
from the original Seismic_Reflection shapefile into this new shapefile.
In your Reference_Map use the select tool to select the individual line feature for the
seismic line from the Seismic_Reflection layer, which will highlight it light blue, make sure
you only have the one line feature selected (you may want to turn off the ‘Shot_Points’
layer to avoid accidentally selecting features from this layer). Whilst the feature is selected,
go to the ‘Edits’ tab from the top ribbon and click on ‘Copy’.

1 Attributes

g' lear
Select Select By Select By (9 Clea
v  Attributes Location Jgi Zoom To Project Map Insert Analysis View Edit
Selection S "[:_L] Y Cut %o NoTopology - | @
ker 1970 3 52 Paste @ ey Save Discard E{ Enue iy echox '@
———— v Copy Path Manage Templates
Clipboard Manage Edits
Cont¢ Copy (Ctrl+Q) v I X
¢ ?e Copy selection to the clipboard. | o v“
Figure 4.27
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4.29 Make sure that your new shapefile layer is turned on then use the drop-down arrow under
‘Paste’ to select ‘Paste Special’, a small dialogue box will open, select Layer, and make
sure your new Shapefile layer (Seismic_w_ref) is selected from the drop down menu.

Press OK.
Project Map Insert Analysis View Edit Paste Special X
(i, |
D No Cut [“g No Topology v ] Lig
Paste into
Paste {S] Copy Save Discard B Error Inspector {é} Template Layer
v Copy Path Manage Templates ——
o Die S Manage Edits [ Seismic_w_ref ’
Oacte Dennatiad .0 X (V] Keep source attribute values
— Paste Special (Ctri+Alt+V) Learn more about paste special
Y |Search Paste special from clipboard. P~
ok | [ cancel

= _1 E @ Press F1 for more help.
Figure 4.28

4.30 Click on the ‘Finish’ icon — the square with a tick in it that appears.

2.4018097°W 58.0422165¢ Finish
Apply uncommitted geometry
sketch operations. The editing tool
iSwitch = Clear [ Delete En:, cq \;wll de'actlvate if there are no edit
perations to apply.

Figure 4.29

4.31 Turn off your original ‘Seismic_Reflection’ shapefile layer, then use the ‘Clear’ button in the
Selection tools, to deselect your line. You should see that your new shapefile layer has the

one line you copied. Save the edits using the save button under the edits tab.

GDITools  Help Feature Layer  Labeling  Data

Imagery Share
1 i & AddGraphicsLayer | %] [(d A EE Attributes ‘3@
( = =
i W O Oy Moemas | oy 1z
1ep Add Select SelectBy Select By Measure Locate Infographics Coordir
+ Attributes Location v v Conver:

Data~v 1 To
Selection 5 Inquiry

Layer
[T VI (] Sparker_1970_3_52

Insert Analysis View Edit Imag

& I
4 L A]

Save Discard

23 No Topology 'J(’- Status
?& Error Inspector {é} Settings
Manage Templates

Manage Edits ]

Fraserburgh

Figure 4.30
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4.32 The attributes for the line you copied, probably did not copy over (even if you had the
‘Keep source attribute values’ checkbox ticked).

Right-click on the Seismic_w_ref shapefile in the table of contents and open the attributes
table. Next to ‘Field:’ click on ‘Add’. A new tab will open to allow you to edit field names.

For the new field (which will be automatically selected) enter ‘CRUISE_LIN’ for both the
‘Field Name’ and the ‘Alias’. Change the ‘Data Type’ to ‘Text’ using the drop-down.

You can move through the cells using the tab button on your keyboard. Save using the
button at the top of ArcPro. Close the ‘Fields’ tab.

= Seizmic_w_ref FEEI *Fields: Seismic_w_ref >

Current Layer Seizmic_w_ref -

4| I+ Visible B| Read Only  Field Name  Alias Data Type
W ,.,,-f FID FID Object 1D
w Shape Shape Geometry
w d Id Long
o CRUISE_LIM  CRUISE_LIN  Text

Click here to add a new field.

Figure 4.31

4.33 In the attributes table, select one of the rows and then double click in the input box under
the ‘CRUISE_LIN’ field. Enter the name of the seismic line, you can either keep this the
same as the original, or your updated version e.g., 1970/3#52 or 1970_3 52.

You may have three separate features (for the different data types: Sparker/echo sounder
etc), but this line feature is just to have a line in the same location with more workable

coordinates, so you can delete duplicates, so you only have one feature for the line. Save
the edits again.

B Seismic_w_ref
Field: ECalculatE Selection: %

FID Shape* Id CRUSE_LIN

1]0 Folyline | 0| 1970/3#52
Click to add new row,

Figure 4.32
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4.34 The purpose of creating this new line feature is to extract the seabed two-way-time values
where you have data along the length of the line.

Use the select tool to select the line feature, then go to ‘Tool’ from the ‘Analysis’ tab, and
search for ‘Stack Profile’.

Analysis  View  Edit  Imagery | Geoprocessing VRS X
= [ ((E' Stack Profile X v ‘@
b
» Tools Pairwise Summarize S A
v Buffer Within Stack Profile 30 4nz st oo
Y Creates a table and optional graph denoting the

| profile of line features over one or more multi...
B Geoprocessing 2
Show the Geoprocessing pane. 2
You can search for a specific tool, see Profile (Ready To Use Tooks
a list of favorite and recently run ORI {13LENY 8 S S
tools, and explore all tools and Returns elevation profiles for the input line
toolboxes that are included in ArcGIS features.
Pro.
o~
Figure 4.33

4.35 In the Stack Profile dialogue, select your newly created shapefile as the ‘Input Line
Features’ and ensure that the ‘Use the selected records’ switch is turned on — you should
see that it says 1 record is selected.

Select your two-way-time bathymetry as the Profile Target (note you can select multiple
raster targets, should you need to extract other data using this tool).

Use the folder icon next to the ‘Output Table’ to navigate to your
Datasets/Scanned_Seismic folder, then create a new folder called ‘Bathy_Along_Profile’,
go into this new folder and then save the table as the CRUISE_LIN name, but with the
prefix ‘Bathy_’ e.g., ‘Bathy_1970_3_52’. Click ‘Run’ on the Stack Profile dialogue.

QOutput Table

Geoprocessing v R X ,
—~ - P © -/’i“) []v Project v Folders v Datasets v Scanned_Seismic +v
© Stack Profile ) = Al ! =
Organize v New ltem v
Parameters Environments ? ~l
B 4 B Projec Name
Input Line Features ) b & Da | Bathy_Along_Profile F
Seismic_w_ref v F v )
L J p I Prep_CorelDraw F
@) Use the selected records: 1 W Fol ess e e

5 Raw_Scanned_Seismic F
Profile Targets 'C\_f} W_ —~eismi

2]
% | mfirth_bathy_TWT.tif v ¢ Scans_w_spatial_info £

) Seismic_Reflection.shp

<

"-*J Shot_Points.shp

Qutput Table ] 4 A Portal
Bathy_1970_3_52

- v wun

E] TermsAndConditions.txt

Figure 4.34
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4.36 The table should have appeared in the table of contents, right-click on it and select ‘Open’.
Click on the grey space in the table window, then use Ctrl + A on your keyboard to select
all and then click on ‘Copy’.

£ bathy 19703 52 X

Field: E Calculate  Selection: PE Select By Attributes .‘Eé Switch &= Clear % Delete 5’ Copy| Rows: ’:‘ Insert

Rowid OBJECTID FIRST_DIST FIRST_Z SEC_DIST SEC_Z LINE_ID SRC_TYPE SRC_ID SRC_NAME

Copy Selection (Ctrl+Shift+C)

1 | 1 0 0 -0.0125 0 0 0 Surface 0 mfirth_bathy TWT_ )
Copy selected rows to the clipboard.

2 2 0 9.995725 -0.0125 0 1} 0 Surface 0 mfirth_bathy_TWT e

3 3 0 19.99145 -0.0125 0 1] 0 Surface 0 mfirth_bathy TWT_tif

4 4 0 29987173 -0.0125 0 1] 0 Surface 0 mfirth_bathy TWT_tif

5 5 0 39.982899 -0.0125 0 1] 0 Surface 0 mfirth_bathy TWT_tif

6 & o 49.978624 -0.0125 o o 0 Surface 0 mfirth_bathy TWT_tif

Figure 4.35

4.37 Open Microsoft Excel and create a new blank document. Either use Ctrl + V or right click
on the first cell and paste to paste the table from ArcGIS.

A B C D E F G H | J K L
1 |Rowid OBJECTID FIRST_DIS FIRST_Z  SEC_DIST SEC_Z LINE_ID SRC_TYPE SRC_ID  SRC_MNAME

2 1 0 0 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
3 2 0 9.995725 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
4 3 0 1999145 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
3 4 0 2998718 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
6 b 0 39.9829 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
7 6 0 4997882 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
8 7 0 59.97435 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
9 8 0 69.97007 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif
10 9 0 79.9658 -0.0125 0 0 0 Surface 0 mfirth_bathy_TWT_tif

Figure 4.36

4.38 Delete all the columns except for ‘FIRST_DIST and ‘FIRST _Z'.

4.39 In a third column, which you could call ‘Ref_EleVv’, calculate FIRST_Z * 10000 (x1000 to
convert seconds to milliseconds, and an additional factor of 10 for the ‘fudge’ factor used in
step 4.14). Copy the cells from this column, and paste back in the same place as values
only by right-clicking and selecting ‘Values’ under the paste options.

A B C

1 |FIRST_DIS FIRST_Z  Ref_Elev

2 0 -0.0125 -125
3 9995725 -0.0125 -125
4 | 19.99145 -0.0125 -125
5 | 29.98718 -0.0125 -125
6 | 39.89825 -0.0125 -125
7 | 49.97862  -0.0125 -125
g | 59.97435 -0.0125 -125

Figure 4.37
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4.40 Go to File > Save As.. and save the excel sheet as a ‘Text tab delimited’ file in your
Datasets/Scanned_Seismic/Bathy_Along_Profile folder, with the same name as the table
in your GIS project.

ﬂ Save As
€ > v ~ » ThisPC » Windows (C:) » local » Scanned_Seismic_Project » Datasets » Scanned_Seismic » Bathy_Along_Profile
Organize - Mew folder
- MNarme Date maodified Type Size
: I __ info 10/01/2025 10:24 File folder
Bathy_1970_3 52.txt 10/01,/2025 10:46 Text Document 205 KB

File name: | Bathy_1970_3_52.6xt

Save as type:  Text (Tab delimited) (*.txt)

Figure 4.38

4.41 Go back to your GIS project and open the map for the scan you are working on (e.g., the
Sparker_1970_3 52 map). Click on the Map tab from the top ribbon and then use the
drop-down under ‘Add Data’ to select ‘XY Point Data’

Map Insert Analysis View Edit Imagery Share GDI Tools
‘é’ @ Em _l_ CIE | 4 | & Add Graphics Layer L@
. - M KA ] DD
o Explore 7™ ¥ Bookmarks Go Basemap | Add Select &
v Path - - To XY - Data - A
1 Mavigat ]
avigate 5 + Data

e

w 0w |:| Reference_Map l MEE Add data to the map.
" .".--=.;.L :. - . ke _' -:3‘- ‘

#3 Data From Path
Add data using a local path or URL,

%r XY Point Data
Add x,y point data to the map.

Figure 4.39
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4.42 In the XY Table To Point’ dialogue, use the folder icon next to the ‘Input Table’ field to
select the text file you've just created (you may have to refresh the explorer window). Use
the folder icon next to the ‘Output Feature Class’ field to navigate to the same folder where
you saved your text file, then create a new folder in that space called ‘Shapefiles’ (this is
just to keep your folder space well-organised), then save with the same name as the initial
text file, but add the suffix *_topoint’.

Select ‘FIRST_DIST as the ‘X Field’ and ‘Ref_Elev’ as the ‘Y Field’. Change the
Coordinate System to British National Grid (or ‘Same as current map’ assuming you are on
your map for the scan). Click Run.

Geoprocessing v 1 X

®© XY Table To Point @
Parameters Environments @
Input Table

| Bathy_1970_3_52.txt |

Output Feature Class
| Bathy_1970_3_52_topoint.shp |

X Field

| FIRST_DIST - | %
¥ Field

| Ref _Elev - | %
Z Field

| -] 8
Coordinate System

| British_National_Grid | @

Figure 4.40

4.43 You should see that the points have been imported and that they sit approximately on the
seabed on your spatially referenced scanned image (you might want to alter the
symbology to make the position of the points clearer). If they look like they are flipped
the wrong way round compared to your scanned data — see below for the fix.

Contents v o X Reference_Map ﬂ Sparker_1970_3 52 X

v
t= 3 &

Drawing Order
4[] Sparker_1970_3_52
4 (] Bathy_1970_3_52_top...
4 ] Sparker_1970_3_52_p...
RGB
M Red: Band_1
M Green: Band_2
- Blue: Band_3
4[| Sparker_1970_3_52_p...
RGB
I Red: Band_1
M Green: Band_2
W Blue: Band_3
4 (] Sparker_1970_3_52_p...
RGB
M Red: Band_1
M Green: Band_2
W ciue Band_3
4 (] Sparker_1970_3_52_p...

Figure 4.41
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4.44 The Stack Profile tool returns data where ‘FIRST_DIST’ from the start point of the line that

was selected in the process, this depends on the way the line was drawn (or calculated in
ArcGIS if generated from coordinate points). This means that if the line was ‘drawn’ from
west to east instead of east to west, the points may appear flipped compared to your
georeferenced scan. See example in Figure 4.42

Figure 4.42

4.45 To correct the flip, reopen the table you created in steps 4.39 and 4.40 for the extracted

bathymetry. In a 4™ column, which you can just call ‘X’ you want to calculate the reverse of
the ‘FIRST_DIST’ values. Do this by either finding the max value of the ‘FIRST_DIST’
column, or using that cell in the formula as depicted in Figure 4.43. Check that the values
in the X column make sense — so that the last value is 0. Then copy and paste in the same
place, but as values only. Save this as a new tab delimited text file, e.g., with the tag
‘_corrected’.

SUM v i X fev =7936.132402-A72] SUM v i XV fxv =$A$1987-A2
A B C D E A B C D E

1 FIRST_DIS’TFIRST_Z Ref Elev X 1 FIRST_DIS'TFIRST_Z Ref Elev X

2 0l -0.1424 -1424|=7936.132402-A2 2 0| -0.1424  -1424|-A2

3 399979 -0.1428  -1428 7932.133 3 | 3999796 -0.1428  -1428 7932.133

4| 7999591 -0.1429  -1429 7928.133 4 | 7.999591 -0.1429  -1429 7928.133

51199939  -0.143  -1430 7924.133 5 11.99939  -0.143 -1430 7924.133

6 | 1599918 -0.1434  -1434 7920.133 6 | 1599918 -0.1434  -1434 7920.133

Figure 4.43
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4.46 Now, repeat steps 4.41 and 4.42, but use this corrected table as the input and select X’ as
the ‘X Field. You should see that the bathymetry points have flipped to the same
orientation as your georeferenced scan. Note that you may still have offsets, as in the
example shown below in Figure 4.44. These offsets probably relate to errors in labelling of
the paper records, you can shift/stretch the scan to match the bathymetry to ‘correct’ for
this.

Figure 4.44

Note that the general geometry should fit the seabed reflection in your scan, but there will be
deviations. Most notably that the seabed is likely mobile and there is a large time gap between
when the seismic data and the bathymetry data were acquired. Additionally, there will be some
errors introduced from how straight/wiggly your seismic line is in map view. However, there are
two systematic errors that can be corrected for.

4.47 If there is what looks like a large lateral offset as in Figure 4.44 (if not then skip this step),
then click on the scan in the table of contents, then go to the ‘Imagery’ tab and click on
‘Georeference’. Open the ‘Control Point Table’. Then use a process of trial and error to edit
the ‘Map X’ values until you get a good match between your scan and the bathymetry
(don’t edit the ‘Map Y’ values — see below for this correction). Stick to round numbers e.g.,
to nearest 100 map units. You can choose a different amount of shift for the left- and right-
hand control points, but make sure that the Map X values are the same for the same shot
point position (where they are aligned vertically). Save your edits. Close the
Georeferencing toolbar.

l |+ ],TE@ 1 Auto Apply ?j{_ 4y Select  “; Delete Al E l_)

Import Add Control  Transformation Apph Control Zeom T Save  Saveas Export
Control Points  Points v & Reset Point Table Delete Mew  Control Poi

Adjust Review Save

[2] sprk_1975_WHS5_20_fixd-8 ¢ [I] sprk_1972_6_29 fix2-5

| BB L v | 2,938.93W 669.805 m v

5.20,fix...20_fixd-8_2jpg X

b’+ -Ii-t !“,T‘:‘ IEE—E 1st Order Polynomial (Affing)

Source ¥ Source ¥ Map X Map ¥ Residual X
| 939.782207 -1,902.278183 8,536.000000 -1,000.000000 3.994876
5 28,733.805489 -1,927.059574 400,000000 -1,000.000000 -3.980697
3 902.455017 -6,781.074427 -4,000.000000 -3.98707:
i 28,750.934545 -6,823.316561 400.0 -4,000.000000 3.972894

Figure 4.45
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4.48 There may also be a consistent offset where there is a difference between the LAT datum
of the bathymetry and the datum used for the seismic — this difference we can correct for.

4.49 Use the measure tool in the inquiry section of the Map tab to measure the vertical distance
between the seabed points you just imported and the seabed reflection on the
georeferenced scan. Measure at a number of different places along the scan and make a
judgement about what a general average offset value is.

Analysis Wiew Edit Imagery Share GDI Tools Help Feature Layer Labeling Data
':,I | - Il _:':' - EF + o8 Add Graphics Layer [:@ I—Fi I-F\ Attributes }%
NEKA T [ |8 % gL\ Clear llalul] | /75T
AR KN Bogkmarks  Go Basemap Add Select Select By Select By Measure Locate Infographic
&~ - To XY - Data~ ~  Attributes Location Zoom To - ¥ v
Mavigate 7} Layer Selection ] Inquiry

:| Reference_Map
:\‘1 TR Y R AT

Measure Distance x
S |Planar '||I'\-"Ietr|'c '|
Result
Distance
Segment (m)| Path (m) Sum ({m)
80.85 80.85 80.85
Path Net Bearing: 180°
Path Met Distance: 8085 m g

Figure 4.46

4.50 Once you've determined an approximate value, you'll need to alter the spatial reference for
the scanned seismic. For the example here, after a few measurements along the profile,
the general vertical offset is around 80 map units — referring back to what we have done in
this work flow, that corresponds to an offset of 8 milliseconds two-way-time.

To make the correction, click on one of the scan jpegs in your table of contents, go to the
‘Imagery’ tab from the top ribbon, then click on ‘Georeference’. Click on ‘Control Point
Table’. This will open a table at the bottom of the map window showing the X and Y values
you entered for the grid line intersections for the scan. Change all the values in the ‘Map Y’
field by the value you determined in step 4.49 (make sure you change the values in the
right direction to ensure your scanned image shifts towards the bathymetry points). Save
your edits. Close the Georeferencing toolbar (you need to do this so you can edit the
georeferenced you have for any other jpegs for the scan).

s Help Raster Layer [

FFl  “nselect %% DeleteAl
Zoom To % Sparker_1970_3_52: S..._3_52_partljpg X

Control
Point Table

E [ |15t Order Polynomial (Affine) *

Delete
Delete

Review Link Source X Source Y Map X Map Y
1 1,552.436708 499028401 0.000000 -320.000000
Open Control Point Table 2 29,498.459623 488.218663 35,914.907740 -320.000000
| Open the control point table. r )] 3 1,565.950729 -2,497.338111 0.000000 -2,320,000000
4 29,497.796592 -2,489.131340 35,914.907740

The control point table lists all the
control points, and its residual error. |

Figure 4.47
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4.51 Repeat step 4.50 for each jpeg you have for the scan. Check that your grid lines all line up
and that no unexpected warping has happened to your image — if you notice something
odd, you may have accidentally entered a value for the Map Y that wasn’t consistent with
the alteration you want to apply. Make sure you apply the same alteration/shift to all
your jpegs that make up one scanned record (if you had to segment) even if some
do not have any overlap with the bathymetry points.

4.52 You should now see that your scanned image sits nicely aligned with the bathymetry
points.

Figure 4.48

The scanned seismic is now ready for interpretation! If you prefer however, you may want
to repeat the process from section 3 up to this step, to add more maps with spatially referenced
scans before you get started. Note, many of the steps, particularly those that relate to creation
of new folder, can be skipped now that you have completed the process for the first scan.
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Part 5 — Making Interpretation Picks from the Scanned Seismic Data

Once the scanned data has been prepared with a pseudo-spatial reference, you can being
making an interpretation of the geology. To assist with this, you may want to consult the
borehole records from the BGS Offshore Geoindex. Access the offshore geoindex here:
https://www.bgs.ac.uk/map-viewers/geoindex-offshore/.

Note that not all seismic lines will intersect with a borehole, and that many of the borehole
records may also be legacy scans.

5.1 On the Geoindex, turn on the ‘Borehole: Activity & Scan’ layer under ‘Sample Data’ along
with the ‘Seismic Reflection’ layer. Find the seismic line that relates to the scan you want
to work on by left clicking on the lines. Then find where the line intersects a borehole
record. Click on the borehole point and it will open a small information box, which may
have a link to a PDF, which you can open to see what the borehole records contain.

Map LAYers  iojesin e notvistis st cmentscais | 4 Bt 223
= Survey Information
] Survey Overview
= Sample Data
I;\ All Equipment: Activity & Scan
[_J All Equipment: Geology Data = N . E
(] All Equipment: Geotechnical Data
Borehole: Activity & Scan
] Borehole: Geology Data
[ Core: Activity & Scan

Borehole: Activity & Scan

- 2009975
: +58-003/96/BH/1

L] Core: Geology Data j See'iegilahle under the Open

[[] Core: Geotechnical Data 12727 12128 Government Licence subject to the following

(] Drill: Activity & Scan acknowledgement accompanying the

— reproduced British Geological Survey materials

I:‘ Drill: Geolagy Data "Contains British Geological Survey materials

] Drill: Geotechnical Data BUKRI [year]"

[ Grab: Activity & Scan BH?4J:1gead

I:\ Grab: Geology Data - +58.003

|| Dredge: Activity & Scan 96 ¥
[[] Dredge: Geology Data ; MV1\£ETIQTI$%

(] Other Equipment: Activity & Scan - = g e M

[_] Other Equipment: Geology Data
"] Geochemical Data
[ Seabed Sediment Data
= Geophysical Lines & Scans
[C] Shot Points
Seismic Reflection
[C] Sonar
[ Backscatter

Figure 5.1

5.2 You may also want to download a shapefile for the borehole locations to add to your GIS
project. Turn off the Seismic Reflection layer on the Geoindex, and turn on the ‘Borehole:
Geology Data’ so you have both the ‘Borehole: Activity & Scan’ and ‘Borehole: Geology
Data’ layers turned on. Follow the same process outlined in steps 2.6 to 2.10 to download

the data.

5.3 Inyour Datasets folder, create a new folder called ‘Boreholes’, and create another folder
within this one called ‘Shapefiles’. Extract the data you downloaded to this shapefiles

folder.
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5.4 Go to your GIS project and click on the Reference_Map. Navigate to the
Datasets/Boreholes/Shapefiles folder in the Catalog Pane (you may need to right-click on
the Datasets folder and Refresh). Drop the two shapefiles (not the layer files into your

map).

4 iy Folders
b g Scanned_Seismic_GIS
E Datasets
t Bathymetry
4 Boreholes

B Shapefiles

,’j Borehole__Activity_and_Scan....

|@ Borehole_ Activity_and_Scan....

:j Borehole__Geology_Data.lyr

|@ Borehole__Geology_Data.shp |

TermsAndConditions.txt

b Scanned_Seismic

Drawing Order
' Reference_Map

4 |121 Borehole_Geology_Data

°
4 |v) Borehole_ Activity_and_Scan
°
4 [ | Shot_Points
°

4

| Seismic_w_ref

4 | | Seismic_Reflection
4 |v| mfirth_bathy_TWT.tif

Value
0.00393289

-0.189691
4 [_| mfirth_bathy.tif

Value

Figure 5.2

@

5.5 You can use your ‘Seismic_w_ref shapefile layer, which you created to show the position
of the scan(s) you have been working on to see where boreholes are intersected.

Drawing Order

Reference_Map
4 ||ZI Borehole_Geology_Data

°

4 [v] Borehole_ Activity_and_Scan
°

4[] Shot_Points
°

4 [v] Seismic_w_ref

4[] Seismic_Reflection

65

4[] mfirth_bathy_TWT.tif

Value
0.00393289

-0.189691
4[] mfirth_bathy.tif

Value

Elain

Figure 5.3
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5.6 Turn off the ‘Borehole__Geology Data’ shapefile layer, leaving the
‘Borehole__Activity_and_Scan’ shapefile layer turned on. Use the ‘Explore’ option from the
Map tab to click on the point that relates to a borehole you want to query. Scroll down in
the info box that appears to the X_BNG and Y_BNG fields and make a note of the values.
Also make a note of the ‘WATER_DEPT field value.

5.7

5.8

Pop-up ¥
4 Borehole_ Activity_and_Scan (1)
[¥58-003/96/BH/1 ]

Borehole__Activity_and_Scan - +58-003/96/BH/1

Pop-up Y.WGS84  58.166002 -
4 Borehole_Activity_and_Scan (1)
+58-003/96/BH/1 X_BNG 373719
Y_BNG 919768
DEPTH_UNIT  metres
Borehole__Activity_and_Scan - +58-003/96/BH/1 E WATER DEPT 60
FID 23 DEPTH_DATU  Depth below instantaneous sea level (no ¢
SAMPLE_NAM | +58-003/96/BH/1
MPLE_NAM | +58-003/96/BH DEPTH_SOUR
SAMPLE ALl BH74/19
S SS00 TERMINALLD 945
NUM 9% GEOL_SUMMA shelly sand over clay over chalk -Upper Cr
CRUISE 1974/WH/9 ADDITIONAL  EPSG code : 4230 (EDS0) presumed.
HiP MV
Sl Whitchhom IMAGE_URL http://marinedata.bgs.ac.uk/Samples/WEE
SOURCE_TIT  Geophysical and Sampling Survey 1974/
Approaches/Moray Firth (03/03/1974 to 0 CONFIDENTI  unclassified (open file)
i LEE ACCESSUSE_  unrestricted use, copyright acknowledgen
CLIENT British Geological Survey v
< >
< >
1of1 2M83704WSB1660021°N S+ Q Tof1 2.4483704°W 58.1660021°N S
Figure 5.4

In this case the values are: X_BNG 373719; Y_BNG 919768; and WATER_DEPT 60.
Note that the water depth may not be corrected for metres below lowest astronomical tide

(mLAT), but this can be dealt with later.

Using the same method as in step 4.17. We can calculate the offset of the borehole from
the first shot point of the seismic line that was spatially referenced, so we can determine
how far along the profile the borehole sits (approximately — note that the borehole may not

sit directly on the seismic line). In this case the

(373719 - 309307.5943)2 + (919768 - 868540.

formula would be:
43212)%)%2 = 82298.8025

This provides an X value in distance along profile, which we can use to add borehole
information to the GIS map with the spatially referenced scan.

In the Pop-up for the borehole point that opens when you query it with the explore tool,

scroll down to the IMAGE_URL’ field and click
will open in your default browser.

Pop-up
4 Borehole_ Activity_and_Scan (1)
[+58-003/96/8H/1

on the link. The scanned PDF (if it exists)

SBGTION OF. . Sorerole 74/19 Moray Fizth
ok
Swmary Log

Latitude 58° 100 Longitude 22.726,8'¥,

— .. Surface Level
C i 27474, by.....JsAs Cheaber.
Date of boring or sinking...2+T+74
One-inch Map.............. Six-inch Map...60. Bed 06,28 Pyfrole A 62,50

.Borer... Wizmpay, Lavoratories Ltd,,

Thickness.

M (Mmf M [Ma

Borehole__Activity_and_Scan - +58-003/96/BH/1 |

Sand, fine greined, muddy, gravelly |Sea Fed Bt o4 L oo o o

|
DEpTH SOUR | L e with l“?i;"i“‘f‘j bivalve shells e o
- ‘ and well Tounded pebbles of quartzite
TERMINALD 94,5 ‘ w4 sandetene.
! 2. Clay, silty, compact, gxi s _tenaceous| er c.
GEOL_SUMMA shelly sand over clay over chalk -Upper Cr ‘ i .,;iﬂ;“ﬁ;;ﬂ;.m _jid_lf - ji :o f‘:_i
ADDITIONAL |EPSG code : 4230 (EDS0) presumed. i e =T
IMAGE_URL  http://marinedata.bgs.ac.uk/Samples/WEE | o Jonatinass, white with lasge 160 v leolo |lo
| nodules.
CONFIDENTI  |unclassified (open file) |12 Jow, stte, with aint groenten 0leola |o
Figure 5.5
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5.9 Open a blank Microsoft Excel document where you can transfer selected geological
information. You may want to follow a similar format to the example below. Use the
formula shown below to convert the depth below seafloor into two-way-time. This assumes
a constant velocity below seabed of 1700 ms™. Then apply the x10000 ‘fudge’ factor to
another column. Once you are happy with the values in the TWT and TWT_fudge
columns, copy and paste in the same cells as values only. Change the fudge values to

negatives.
SUM v | X fr =(((B2/1498)=2)+((D2/1788)*2))
A B C D E F G
Top _Water_DeElh_PrGfil.e_J{ _Deeth_mbsf_[)epth_mbsl. WT s WT_fudge

2 |Sand_driﬂ_ GIDII 82298.81 I[!l_l 61]'+HD2!1?G0}*2}}‘| 805.3691275
3 |Clay_drift 60 £2298.8 4 64 0.085242795 852.427951
4 |Chalk 60 £2298.8 10 70 0.092301619 923.0161863
5 |Sandstons 60 £2298.8 79.2 1392  0.173713383 1737.133833
A

Figure 5.6

5.10 Go to File > Save As.. and save the excel sheet in your Datasets/Boreholes folder with a
name that includes the name of the borehole, and a reference to the seismic line (because
the X values relate to a specific spatial reference), save as a Text (tab delimited) file. For
example: CL1970_3 52 58-003-96-BH-1.txt.

5.11 Close the Excel sheet and go back to your GIS project and the relevant Scan map. From
the ‘Map’ tab, use the drop-down under ‘Add Data’ to select ‘XY Point Data’. Use the folder
icon next to the ‘Input Table’ to select the text file you created (you may need to right-click
and refresh the folder space). Use the folder icon next to the ‘Output Feature Class’ field to
navigate to your Datasets/Boreholes/Shapefiles folder and save the file with the same
name as the input table, but if there is character space you could add the suffix ‘_tops’.
Select ‘Profile_X’ as the X Field’ and ‘TWT_fudge’ as the ‘Y Field’, change the coordinate
system to ‘Current Map’ or British National Grid. Click Run.

® XY Table To Point P
Parameters Environments

Input Table
CL1970_3_52_58-003-96-BH-1.ixt v
Output Feature Class
CL1970_3_52_58-003-96-BH-1_tops.shp

X Field
Profile_X v | 45
¥ Field
TWT fudge - |8
Z Field

| %
Coordinate System
British_Mational_Grid ~| &

Figure 5.7
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5.12 You should see that the points have plotted nicely on your seismic section. You can click
on the symbol icon under the name of this points layer in the table of contents to change it
to something that will be more visible.

You can also label the points with the information you included in the spreadsheet. Right-
click on the layer in the table of contents and go to ‘Labelling Properties’. Double click on
‘Top’ under fields so that the Expression box shows ‘$feature.Top’. Click Apply. You can
also change the label symbol using the symbol tab (you might want to increase the font
size and choose a bright colour).

£x Remove Label Class - CL1970_3_52_58... v * X
[EZ] Sparker_1970_3_52 —
= Group Class 1 -
‘liz\ CL1970_3_52_58-003-96-BH-1_t¢ .
&) 3 Attribute Table Ctrl+T % v Symbol Position
4 (V) Bathy_1970_3_52_topoint 53 Data Engineering Ctrl+Shift+D & Q Geim
4 S 970 3 52 2 7 Language |Arcade ?.
lv| Sparker_1970_3_52_part1.jpg Data Design 5
RGB Title Custom
B Red: Band 1 |l, Create Chart > ———
M Green: Band_2 3 a—— Fields ? Functions T
- Blue: Band_3 FID ~ | Abs() Lo
= Joins and Relat: >
4 ] Sparker_1970_3_52_part2jpg il op Acos0 0
ToL Water_Dept Angle()
Rt R Zoomilo Layer Profile_X Area()
W Red: Band_1 7 T Depth_mbsf AreaGeodetic()
I Green: Band_2 Depth_mbsl Array()
M Bive: Band 3 Selection > WIs Asin0
— . - TNT fradmn Abann
4 || Sparker_1970_3_52_part4.jpg Gy Label Ve T
RGB {a Labeling Properties... Expression
Il Red: Band_1 Convert Labels S [sFeature. Tor
I Green: Band_2 Labeling Properties...
M Blue: Band3 ,~ Symbology Show labeling properties for selected
= label class.
4 [~ Snarker 1970 3 57 nartS.ina D NiatitaPae con-
Figure 5.8

5.13 Right click again on the layer in the table of contents and click on ‘Label’ (see above). You
should see that the points are now labelled with the geological information you included, so
that the points represent the top of geological layers.

Figure 5.9
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5.14 If the geological layer that starts at the seabed shows an offset from your bathymetry
points that you deem to be significant, you can correct for this. First, use the measure tool
to determine what the offset is.

R S T - — —

~
Measure Distance X
frmm B |Planar ~ [ [Metric ¥
Result
Distance
Segment (m)| Path (m) Sum (m)
2493| 2493 2493
Path Net Bearing: 178°

Path Net Distance:

Figure 5.10

5.15 Go to the ‘Edit’ tab from the top ribbon and use the ‘Select’ tool to select one of the points,
then click on ‘Modify’ this will bring up a list of edit options on the right-hand side of ArcPro.

-

Edit Imagery Share GDI Tools Help

] @ status B:_J*_ E' x_" x rfj Attributes

Setti : : I
{é} iings Snapping | Create Modify Delete | Select (d Clear
< s J:E Zoom To
[S! Snapping Features K] Selection [

Figure 5.11

5.16 Select the ‘Move To’ tool. This will bring up a dialogue that shows the X and Y position of
the point that you have selected. Here, you can modify the Y value based on your
measurement in step 5.14. In the example, the original measurements was ~-805, and we
want to shift the point up by ~25 map units, so the value to enter is -780. When happy,
click on ‘Move To’ at the bottom of the dialogue. This will shift the point to the seabed.

i ?2v R X p
(MOdIf)ﬁ( Features : Modify Features 2 v 1 X
l Search b "] = @ < Move To
All Tools My Tools
— | R‘I—E Change the selection. v
v Alignment S ’ %
R 4 (CL1970_3_52_58-003-96-BH-1_tops (1)
3 Mo Sand_drift R, g v
Q Rotate . -3
"R o r !
:: Scale - '.;
A, Annotation
- Meth . IGlay i
[ / Transform ahed L .L'a\l—‘gi?t'tﬁ'
| Absolute * - L%
Values i
3 Align Features X [ 82,298.80} -~ ™ - L' g
— % ¥ -
<:S} Move To Y [ -m.37“m VJ Chdlk
Figure 5.12
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5.17 It's important to then apply the same vertical shift to all your borehole points using the
same tool. You may also want to change the values in the table of attributes, but this is not
necessary.

PR

#8 CL1970_3_52_58-003-96-BH-1_tops X

#‘ # e gl ' 4 Field: FE Calculate  Selection: Cgg Select By Attributes &3 Zoom To 5 Switch E5 Clear 3 Delete 5
! ' Y 1 h -y FID Shape* Top Water_Dept Profile. X Depth_mbsf Depth_mbsl TWT_s TWT_fudge
.Llay_drift /i 0 Point  Sand_drift 60 | 82298.8025 0 60 | 0.080537 ﬁm
" £\ 2 1 Point Clay_drift 60 82298.8025 4 64 0.085243 -852.427951
3 2  Point Chalk 60 82298.8025 10 70 0.092302 -923.016186
4 3 Point Sandstone 60 82298.8025 79.2 139.2 0173713 -1737.133833

Click to add new row,

Figure 5.13

5.2 Horizon Interpretation

Now you have some borehole information to aid your seismic interpretation. The next step is to
create a line feature for a horizon interpretation.

5.18 Go to your Scanned_Seismic_Project folder space in windows explorer and create a new
folder called ‘Horizon_Interpretations’.

Scanned_Seismic_Project X a4+
&« g e ] J » ThisPC > Windows(C:) > local » Scanned_Seismic_Project >
@ New - t:}é (] @D '.JI_IL,[ Tl Sort ~ = View ~ wan
3 Marne Date modified Type Size
3 Datasets 10/01,2025 15:05 File folder
, 13/01/2025 14:25 File folder
Scanned_Seismic_GIS 10/01,2025 16:45 File folder

Figure 5.14

5.19 In your GIS project, find the folder you've just created in the Catalog Pane. You may have
to right-click on ‘Folder’ and ‘Add Folder Connection’.

o*  Add Felder Connection Ctrl+Shift+ C § Styles

4 I Folders

F Add Folder . '

.. Connection (BT LISEE — ¥ g Scanned_Seismic_GIS
Connect to an existing folder on the : [ Datasets
local computer or a shared folder on . .
the network, Add the connection to | : Shapefiles
w the project. L‘d’ b B Locators
Figure 5.15
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5.20 Right-click on the ‘Horizon_Interpretations’ folder and go to ‘New’ > ‘Shapefile’.

I I R e | I = J
| " New > Folder Ctrl+Shift+F
| i Make Default .7 File Geodatabase Ctrl+Shift+D
*  Remove From Project =) Mobile Geodatabase
Add To Favorites B Toolbox (atbx)
# Add To New Projects il Python Toolbox
e Refresh . : Motebook
[F5 LAS Dataset
| GeoPackage
E Copy Ctrl+C () Shapefile
JLI) R -~ —_— -
Figure 5.16

5.21 In the Create Feature Class dialogue, add a name for the horizon you want to interpret —
for example “Top_of_Bedrock’ (note you probably want to include some reference to the

cruise line name for the seismic),

change the ‘Geometry Type’ to ‘Polyline’, change the

‘Coordinate System’ to ‘Current Map’ (or British National Grid). Click Run. The new feature

will have appeared in the table of
the Edit tab.

=\
©

Create Feature Class

Pending edits.
> &

Parameters Environments

Feature Class Location
Horizon_|nterpretations

Feature Class Name
Top_of_Bedrock

Geometry Type

| Polyline

Template Datasets ‘C\_/)'

OID Type
| Same as template

Has M
No

HasZ
No

Coordinate System

British_National_Grid v &

Feature Class Alias

contents. Click on Save in the ‘Manage Edits’ section of

0\
@®

Contents v 1 X

Y :Seorch
=0
Drawing Order

| a[F] Sparker_1970_3_52
4 (v] CL1970_3_52_58-003-96-BH-1_tops

iﬁ_'+_ e/

4 |v| Bathy_1970_3_52_topoint

v| Top_of_Bedrock

Figure 5.17
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5.22 To make picks for your interpretation, from the Edit tab, click on ‘Create’ from the

‘Features’ section. The ‘Create Features’

pane appears on the right, where you can see

the editable layers. Select your horizon feature, and the picking/drawing options will be
displayed. You probably will only need the ‘Line’ option.

Edit Imagery Share GDI Tools

- | @ status [] o g
o3 Settings T =] x
" Snapping | Create Modify Delete

IS Snapping Features

Create Features

Y

Templates Favorites

?2 v X
Search

» v @

v Bathy_1970_3_52_topoint
» Bathy_1970_3_52_topoint

-

v CL1970_3_52_58-003-96-BH-1_tops

CL1970_3_52_58-003-96-BH-1_tops

v Top_of_Bedrock

S

— Top_of_Bedrock >
Line

Create a line feature.

Figure 5.18

5.23 You can now make horizon picks in the map window. You can start and create as many
new lines as part of the same feature as you feel you need — but these will have to be
merged into one feature later. Make sure that your lines do not overlap, small gaps

between them are ok.

5.24 If required, you can go to the Edit tab, click on ‘Modify’ and then choose ‘Edit Vertices’ to
move picks if you want to make alterations.

¥ Reshape

[

1 Edit Vertices

Reshape
23| Replace Geometry
"L'r} Replace Multipatch

Figure 5.19
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5.25 You can periodically save your edits using the ‘Save’ button under ‘Manage Edits’.

Insert Analysis View Edit Ima
Eﬁ- . |i‘."° Mo Topology - | B‘ Status
e L] _
Save Discard E&‘ Error Inspector {?} Settings
Manage Templates
Manage Edits r
Save Edits Map

— Save all edits made since the last
_ save. After saving, you cannot undo
. previous editing operations,

Figure 5.20

5.26 If you have multiple line segments, use the ‘Select tool’ to select all of the lines that relate
to the horizon you are interpreting. From the ‘Tools’ section of the ‘Edit’ tab, select ‘Merge’.
Click ‘Merge’ at the bottom of the dialogue pane that opens.

® & Merge
) Existing Feature New Feature

Help Feature Layer Labeling Data e MO CEES

%@ EZ) Attributes (_4_) L I 'L [Ty E!f] A | [:\l Change the selection. e

Clear A 4 1 J . <
Select 9 Move Annotation Edit Reshape Merge Split — anﬂ
¥ @JZoomTo Vertices s i}TOP:Of: Bediock /|

3 Selection [ Tools [F

Features to merge

Editor tool gallery 0 (preserve)

> © o o

Merged Feature Attributes

Id 0

Figure 5.21

5.27 When you open the attributes table for your horizon feature, you should see that there is
only one line feature within it. Remember to save your edits.

EH Top_of Bedrock X
Field: @ Calculate  Selection: Ejg Select By Attributes {t‘-\% Loom To

FID Shape* Id

110 Polyline O

Click to add new

Figure 5.22
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6 EXTRACT PICKS AND CONVERT TO GEOSPATIAL DATA

6.1 Once happy with the interpretation, the next step is to begin extracting the data. To do this
go to ‘Tools’ from the ‘Analysis’ tab, then search for ‘Feature Vertices To Points’ and open

the tool.
Geoprocessing v I %
':{':' | Feature Vertices To Points W -:.B]
Feature Vertices To Points 0z liznzgeme. |

Creates a feature class containing points
generated from specified vertices or locatio...

-

Figure 6.1

6.2 Under ‘Input Features’ select your interpreted horizon, under ‘Output Feature Class’ use
the folder icon to navigate to your ‘Horizon_Interpretations’ folder, and save with the same
name, but add the suffix *_p’ for points. Make sure that ‘Point Type’ is set to ‘All vertices’.
Click Run. The points will appear in the table of contents.

v 2 x [E] Reference Map _ Sparker_19703 52 X

. Contents
Geoprocessing v X - o]
N Search v
®© Feature Vertices To Points @ : - '
=G & / 55 €
Parameters Environments ? —

Drawing Order

Input Features
[ . 1 4[] Sparker_1970_3_52

| Top_of_Bedrock

@) Use the selected records: 1 4 () Top_of_Bedrock_p

4 |v) CL1970_3_52_58-003-96-BH-1_tops

Output Feature Class
Top_of_Bedrock_p.shp ]

Point Type
4 Bathy_1970_3_52_topoint

All vertices v

4 || Top_of_Bedrock

Figure 6.2

6.3 Go back to ‘Tools’ from the ‘Analysis’ tab and this time search for ‘Add XY Coordinates’
and open the tool. Under ‘Input Features’ select the points layer you have just created.
Before you run the tool, go to the ‘Environments’ tab within the tool and change the ‘Output
Coordinate System’ to British National Grid.

Geoprocessing Geoprocessing v # X Geoprocessing v X
© [ Add XY Coordinates © 0 Sooriwies ® ) Add XY Coordinates ®
Add XY Coordinates (Dzt2 Managen ©® This tool modifies the Input Features X

Adds the fields POINT_X and POINT_Y

The Calculate Geometry Attributes tool

© This tool modifies the Input Features X

point input features and calculatesth @  provides enhanced functionality or X )
. performance. The Calculate Geometry Attributes tool
Parameters Environments ? ©® provides enhanced functionality or X
performance.
v Output Coordinates . 5
/|
Output Coordinate System Parameters Environments ?
British_National_Grid v| @
> . . Input Features
Geogrqphlc Transformations )
= [ Top_of_Bedrock_p v

Figure 6.3
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6.4 Open the attributes table for the points feature and you should see that there is now a

6.5

6.6

6.7

‘POINT_X and ‘POINT _Y’ field. Click in the grey space to the right of the table and use
Ctrl+A on your keyboard to select all, then click on ‘Copy’.

izt Top_of Bedrock_p X
Field: [ Add [E Calculate  Selection: CggSelect By Attributes &2 Zoom To 5% Switch = Clear 3 Delete (i Copy

ﬂ Shape I|d ORIG_FID POINT_X POINT_Y
| 0 Point 61608.959668 -1116.387484
Point 61995.229737 -1250.353982
Paint 62171.618959 -1290.543931

Point 62336.844307 -1315.104456

Point 62537.794054 -1341.897755
Point 62680.691652 -1344.13053

Paint 62877.175849  -1348.59608

k] - [=1] [N, ] = L [x5] -
YIRS R R TYRN A

=2 [=] [=] o [=] [=] [=] [=]

=2 [=] [=] o [=] [=] [=] [=]

Drind E2NAG NoocM 1241 2077CC

Figure 6.4

Open a blank Excel document and paste the data. Delete all of the columns except
‘POINT_X and ‘POINT_Y’. The next step is to convert this data into X, Y, Z format, where
the Z column is two way time in seconds. The first and easiest step is to convert the
POINT_Y field to Z.

The ‘fudge’ in earlier steps, to ensure that a useful aspect ratio for the vertically
exaggerated seismic is maintained, was to use 100 m vertically for 10 ms. To convert back
to time in seconds then simply divide the POINT_Y column by 10000 (10 for the fudge,
1000 for milliseconds to seconds).

c2 v X =B2/10000

A E C D
POINT_X _PDINT_‘r’ TWT s
2 | ElEEE.llI_ -1118.91=E2/10000
3 | B61923.94 -1196.74
4 | 6222312 -1277.01
62407.99 -1330.52
62463.93 -1347.55
Figure 6.5

[ ]

Converting the POINT_X into the ‘true’ X and Y coordinates is more complicated. The
POINT_X values is the distance in metres from the first shot point location along an
arbitrary straight line. We need to determine some directionality of the line — essentially the
reverse of the calculation in step 4.17. Get the X_BNG and Y_BNG coordinates of the first
and last shot point for your seismic line.

For the example here:

First shot point X_BNG 309307.5943, Y_BNG 868540.43212

Last shot point X_BNG 429947.30097, Y_BNG 965373.54592
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6.8 We need to work out the change in X_BNG per m along the straight line and the change in
Y_BNG per m along the straight line. First determine the change in X_BNG and Y_BNG
from the first to last shot point.

G H |
X_BNG Y_BNG
First SP 309307.5943  868540.4321
LastSP 429947.301  965373.5459
=H3-H2| =13-12|
G H | G H |
X_BNG Y_BNG X_BNG Y_BNG
FirstSP 309307.5943] 868540.4321 FirstSP 309307.5943|  868540.4321
LastSP 429947.301| 965373.5459 LastSP 429947.301]  965373.5459

change X_BNG change Y_BNG 1 change X_BNG changeY BNG t
|=H3-H2 I 96833.1138 120639.7067|=13-12 !
a
Figure 6.6

6.9 Now calculate the total length along the line using the formula /(Ax)? + (Ay)? (same as in
step 4.17).

< =SQRT((H7*2)+(172))

H I ]

_change}(_BNG_change‘r’_BNG total length ¢
l 121]539.?1]5?1 96833.1138]|2)+(17"2)) |

Figure 6.7

6.10 Then divide the change in X_BNG and Y_BNG by this total distance.
=H7/37|

H | J K L

changeX BNG changeY BNG Jlotal length del X_BNG/m del Y_BNG/m

l 120639'70671 96833.1138| 154695.1543|=H7/)7 | 0.625960873
=17/37|
H | J K L

change X_BNG changeY BNG totallength del X_BNG/m del Y_BNG/m
120639. 7067|_ 96833. 1138| 154695. 1543| 0.779854464|=17/)7

Figure 6.8
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6.11 In additional columns, now calculate the X_BNG and Y_BNG values for your points by
multiplying the change per metre values you just derived and then adding the X_BNG and
Y_BNG values of the first shot point (assuming the first shot point is to the west and south
of the last shot point — if your line orientation goes from north to south and/or east to
west you’ll need to work out change in that direction and do a subtraction).

E.g., here X BNG = (POINT_X * AX_BNG/m) + X _BNG _first_shot_point
Y _BNG = (POINT_X * AY_BNG/m) + Y_BNG first_shot_point

SUM

1 [POINT X _POINT_Y TWT_s
[ 61666.11]

2
3
4
5
6
7
8

A

61923.94
62223.12
62407.99
62463.93

62551.5
62639.06

SUM

A

v

B

-1118.9
-1196.74
-1277.01
-1330.52
-1347.55
-1345.12

-1306.2

-
v i X N

B

H | J K L
X_BNG Y_BNG

FirstSP | 300307.5943] 868540.4321

Last SP

=(A2*$K$7)+$H$2

C D E F
X_BNG

-0,11139|$H$2 |

-0.11967

-0.1277

-0.13305

-0.13475

-0.13451

-0.13062

Je~v =(A2%3137)+313%2

e D E F
X_BNG Y_BNG

1 [POINT.X_POINT.Y TWT_s
2 [e1666.11] -1118.9

3

W ~N O ;A

61923.94
62223.12
62407.99
62463.93

62551.5
62639.06

-1196.74
-1277.01
-1330.52
-1347.55
-1345.12

-1306.2

-0.11189 357398.2|$I$2 i

-0.11967

-0.1277
-0.13305
-0.13475
-0.13451
-0.13062

429947.301  965373.5459

change X_BNG change Y_BNG total length -del X_BNGIm_delY_BNGIm
120639.7067 96833.1138 154695.15431 0.7798544641 0.625960873

G H | J K L

X_BNG _Y.BNG

First SP 309307.5943|. 868540.43211
LastSP 429947.301 965373.5459

change X_BNG change Y_BNG total length del X_BNG/m _del Y BNG/m !
120639.7067 96833.1138 154695.1543 0.779854464I_ 0.6259608731

Figure 6.9

6.12 You should now have 5 columns, which look like this:

A

E

C D E

POINT_X POINT.Y TWT_s X_BNG Y BNG

61666.11
61923.94
62223.12
62407.959
62463.93

62291.9
62639.06
62704.74

-1118.9 -0.11189 357398.2 907141
-1196.74  -0.11967 357599.3 907302.4
-1277.01 -0.1277 357832.6 907489.7
-1330.52 -0.13305 357976.7 907605.4
-1347.55 -0.13475 358020.4 907e40.4
-1345.12  -0.13451 358088.7 907695.2

-1306.2 -0.13062 358156.9 907750
-1284.31 -0.12843 358208.2 907791. 1[

Figure 6.10
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6.13 Check the values against your GIS project to convince yourself that these look correct — go
back to your reference map and hover the cursor over the rough location of your
interpretation and look at the coordinate values that are indicated (in example we are
looking for coordinates near shot point 27).

357,847.87E 906,444.03Nm Vv

Figure 6.11

6.14 Now copy the 5 columns and paste as values only — either in a new sheet or the same one
(you might want to preserve the first sheet with any formulas so you don’t need to re-enter
them for the next scanned profile). Remove the POINT_X and POINT_Y columns and
rearrange so that your columns are in X_BNG, Y_BNG, TWT_s order, add a header mark
at the beginning of the first cell e.g., > or # so that your excel sheet looks like this:

A B C
1 [*X_BNG Y_BNG  TWT_ s
2 | 357398.2 907141 -0.11189
3 | 357599.3 907302.4 -0.11967
4 | 3578326 907489.7 -0.1277
5 | 357976.7 907605.4 -0.13305
& | 3580204 907640.4 -0.13475
7 | 3b8088.7 9076595.2 -0.13451
g | 3b8156.9 907750 -0.13062
g | 358208.2 907791.1 -0.12843
in| AREIAT 2 GNTRIRE -0 19647

Figure 6.12
You may also want to change the sign of your TWT values from negative to positive

6.15 This is now in X, Y, Z format in British National Grid, where the TWT _s is referenced to
LAT. Save the file in a new folder within your Horizon_Interpretations folder called
‘XYZ_files'— save as a text delimited file for use in other software, give an appropriate
name that gives the horizon name and line name.

(J » ThisPC > Windows(C) > local > Scanned_Seismic_Project » Horizon_Interpretations > XYZ_files

Tl Sort - = View
Mame Date modified Type Size
D ToB_1970_3_52.txt 14/01/2023 11:35 Text Docurment 6 KB

Figure 6.13
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6.16 Ultimately, you will want to do this for all of the scans where you are interpreting the same
horizon, then paste the additional X, Y, Z data all into one file (make sure you only have
one header line), and then it can be used to grid a surface — and from there, if required, do
a depth conversion using the bathymetry you have.

6.17 You can quality check the points you have extracted by importing them into your GIS
project. Go to your Reference_Map and use the drop-down under ‘Add Data’ to select ‘Add
XY Point Data’. Use the folder icon next to the ‘Input Table’ field to navigate to and select
the text file you've just created. Since this is just a quality check, you could leave the
default output location and name, or you could change to a new folder such as ‘QC_points’
and add a’_p’ suffix to the name. Select ‘X _BNG’ as the X field and ‘Y _BNG’ as the Y
field, leave the Z field blank and change the Coordinate System to British National Grid.

Click Run.
®© XY Table To Point =
Parameters Environments fjj
Input Table

| ToB_1970_3 52.txt “|

Output Feature Class
| ToB_1970_3 52_p.shp |

X Field

| >X_BNG -] e
Y Field

|V_BNG -] ¢
Z Field

| it
Coordinate System

| British_National_Grid @

Figure 6.14

6.18 You should see your points added — note there is probably on offset from the seismic line
scan (since it probably deviated from a straight line) — for the purposes and resolutions
we’re dealing with from these data this is not a serious issue/the offset is negligible.

Contents v 0 x| [E]Reference Map X [E] Sparker_1970_3 52

T | Search
=08/ H&

Drawing Order

rl IE‘ Reference_Map
4 ‘IZ\ ToB_1970 3 52 p
o]

4[] Borehole_Geology_Data
L]

4[| Borehole_ Activity_and_Scan
°

4[] Shot_Points

®
4 [

Seismic_w_ref

4

] Seismic_Reflection

4 [/] mfirth_bathy_TWT.tF

Value
0.00393289

-0.129691
4[] mfirth_bathy.tif

Value
293

-141.32
41 rf hathu ml 4T

Figure 6.15
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6.19 Right-click on the new points layer in the table of contents and go to ‘Symbology’. Use the
drop-down to select ‘Unclassed Colors’. Use the drop-down next to ‘Field’ to select the
‘TWT_s’ field, you can play around with a colour scheme that suits you.

¥ [ Symbology - ToB_1970_3_.52_p v * X

B i P _ Primary symbology
rF %95V & =
—_ lUncIassed Colors ']
Primary symbology
!Single Symbol lj Fleld ITWT_S M |
Symbolize your layer using one symbol 2 o
-

©0% single Symbol Normalization [< None> l

e u“u Draw using single symbol.
Symbolize your layer by category Color scheme I _ M

%0 Unique Values

e DD{] Draw categories using unique values of one or multiple fields. Upper |abe| l 0083 |
Symbolize your layer by quantity

%85 Graduated Colors Lower label [ 0.14 I

. unn Draw quantities using graduated colors.

l Bivariate Colors Template 9]
Draw quantities using bivariate colors.
Unclassed Colors L >
D Draw quantities using an unclassed color gradient. Null values
Figure 6.16

6.20 The points should now be coloured by their two-way-time value.

Contents w 0% E Reference_M |E| Sparker_1970_3_52
? |SEGm’J R~ |

=0 M/ H O

Drawing Order

4[] Reference_Map -
] ‘IZI ToB_1970 3 52_p

WT =
0.083

. 014

4 | Borehole_Geology_Data

L]

4 | Borehole_Activity_and_Scan

. |

Figure 6.17

Now that you have an ArcGIS project set up you can keep adding maps for additional
scans that you want to spatially reference and interpret. Ultimately, you will generate a
set of XYZ text files for interpreted horizons —these could be imported as grids into
another 3D data visualisation program for SEGY data such as Kingdom, Petrel, DUG etc.
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Example Use

One goal of the BGS Marine Geoscience Program is to update and improve Quaternary
Thickness maps for the UKCS, which were originally based on spot depths from boreholes with
sufficient penetration depth and manual drawing of isopachs broadly guided by the early paper
seismic records. Extracting additional stratigraphic geospatial information from the scanned
legacy seismic data within a digital georeferenced environment enables capture of more detail
with greater accuracy and could significantly improve the maps without acquiring new data.

To ensure that potential scope for using the legacy data is not overestimated, it is important that
any user has a clear understanding of the limitations. The workflow outlined in this report
addresses many of the issues associated with positioning of scanned legacy seismic data,
however, other challenges remain. Primarily, the imaging quality of the original data. For older
data (e.g., from 1970s cruises), and shallow water depth, there is insufficient suppression of the
multiple to enable accurate interpretation (Figure 7.1).

P egabad
‘\

e

1st Seabed Multiple

2nd Seabed Multiple
SN

3rd Seabed Multiple

Figure 7.1. Example scanned seismic section from area of shallow water in the Moray Firth. Insufficient
suppression of seismic artefacts, i.e., the seabed multiple, obscures real features.

Issues such as this that relate to the original seismic processing reduce the scope of what is
achievable with the scanned data, and seismic lines must be carefully chosen to maximise
reward for the effort to position them in space. Trawling the data for the best images is likely the
most labour intensive aspect that a user of this report may face. Nevertheless, there are many
scanned seismic lines that contain very valuable information to be extracted where the imaging
is good (Figure 7.2).

Seabed ; i

-seismo-facies

Figure 7.2. Example scanned seismic line from west of Skye, where there is good imaging of Quaternary
sediments and the top of bedrock (Rock Head).
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Figure 7.3. Using scanned legacy seismic data to update the BGS Offshore Quaternary Deposits map, southest of Shetland. (a) The existing BGS offshore Quaternary Deposits Thickness map. (b) Position of extracted scanned legacy seismic
(sparker) records, and associated shot pots, used for interpretation. (c) Point data showing Quaternary thickness calculated at 1 m intervals along each seismic line where interpretation picks have been made. (d) Calculated thickness from
interpretation gridded at 2 km spacing (inside the dashed lines) and contoured with the same intervals at the same intervals as the existing Quaternary Deposits Thickness map. (e) Regional location of the area depicted. CRS = Coordinate
Reference System. Contains an extract from existing Quaternary thickness geological factor map produced as part of collaboration between BGS and The Crown Estate in 2014 BGS © UKRI. Contains OS data © Crown copyright and database
right 2025.
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Where there is sufficient coverage of scanned seismic with good image quality, applying the
methodology may yield substantial new geological data for areas with gaps. Here, we show an
example from southeast of Shetland, where scanned legacy sparker data consisting of five
~55 km long north-south lines and six ~70 km long west-east lines, span an area of ~4000
square kilometres. Spacing between the north-south lines is ~12 km, and spacing between the
west-east lines is ~6.5 km (Figure 7.3). The data has been chosen based on good coverage,
the regularly of spacing between the lines, and the imaging quality preserved in the scanned
images. For this example, no bathymetry data was used, and the primary goal was to
demonstrate the value of the data to improve resolution of BGS’s offshore Quaternary Deposits
Thickness (QDT) map. Therefore, the seabed and base Quaternary horizons were picked on
each line (where possible), and the two-way-time difference calculated and converted to
thickness in metres to provide a series of point location thickness values along each line, which
could then be gridded.

Since the process for extracting the interpretation picks and accurately positioning them in 3-
dimensional space is repetitive, we use a function written in python to generate output XYZ files,
which could be compiled for gridding. The specifics of the python script and the inputs and
outputs are detailed in the Appendix. The script is an example but could be adapted to the
specific needs of a user.

Figure 7.3 shows the stages of the process by which the legacy data has been employed to
improve BGS’s QDT map (BGS 2022), which is largely derived from the original

1:1,000,000 scale UK offshore Quaternary map (Holmes et al., 1993). Part (a) shows the
existing QDT map, where most of the region depicted is mapped as 5-20 m thickness; Part (b)
shows the position of the selected legacy seismic data used and the associated shot points;
Part (c) shows the thickness calculated by subtracting the interpreted base Quaternary horizon
from the seabed horizon at regular points (picks have been resampled at a regular interval to
allow easy subtraction — see the Appendix); Part (d) shows the result when the point data is
gridded at a 2 km spacing and contoured using the same intervals as the existing QDT map;
Part (e) shows the location. In this example, no borehole data was used directly, due to a data
gap in currently available records. Other areas could be more thoroughly constrained using
additional geotechnical data. However, the small subset of data used in this example, when
compared to the number of scanned seismic lines available across the UKCS, demonstrates
that significant detail can be added to the existing maps — compare Figure 7.3a and 7.3d.

Limitations

Maps generated using this methodology and the legacy data should be transparent about the
nature of the data and the limitations.

Much of the legacy data was acquired (pre 1990s) before the adoption of highly accurate global
positioning systems on survey vessels, such as Real-Time-Kinematics (RTK) for Global
Navigation Satellite Systems (GNSS), so there may be inherent inaccuracies in the positioning
of the shapefiles downloaded from the Geoindex. The accuracy of positioning the scanned data
in the vertical plane (using this workflow) relies on sufficiently legible grid lines and labelling on
the scanned image and assumes that where such information is available it has been recorded
accurately during the original preparation of the paper records. The georeferencing process
detailed in the workflow invites the potential for more human error. For seismic line geometries
that have deviations from a straight line relative to the spacing between lines (excepting lines
that have large-scale, obvious dog-legged geometries), it is unrealistic, or not possible, to
expect to account for these deviations. Therefore, approximations will almost certainly be made
for the position of interpretation picks, so that they are slightly offset from the true line position
(see Figure 6.15). In addition, due to the irregularity of spacing between lines, and highly
variable imaging quality, to generate grids, picks should be smoothed by spatial averaging prior
to gridding, and the location of the point data should be provided with the final grids as in
Figure 7.3c. This is to ensure that the constraints (or lack of) for areas between seismic lines is
made clear.
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Closing Remarks

Despite the associated limitations with legacy data/digitised paper records, these data have
potentially far-reaching value. The example use above demonstrates the value for direct
updates of existing maps without acquisition of new data. However, using the workflow in this
report these data could be used to construct initial horizon grids or make a first-pass regional
geological interpretation before further seismic data acquisition. Initial grids generated from the
legacy data during a desk-based study, could be added to seismic interpretation software,
where they can be better constrained by newly acquired SEG-Y datasets, or provide an initial
guide to the interpreter.

The repository of open source scanned seismic, along with these instructions for how to extract
useful geological information using software widely used by universities, expands the potential
for the data to be used in student projects or blue-sky science, where there is no immediate
commercial application. In addition, the workflow itself could also be utilised as a training
resource. We invite potential users to engage with BGS to obtain mutual benefit from any
outputs that result from application of the workflow or provide suggestions for improvement.
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Appendix

Below is an example script for a python function, coded in python version 3.12.4, and using the numpy
and pandas modules. It's important to emphasize that this is an example, which could be better refined,
and/or adapted and updated by a potential user of this report to suit their specific requirements. See
section below for the format of inputs required for the code to run successfully.

import numpy as np
import pandas as pd

def calculate horizon_depth mbsf(
seismic_line,
seabed csv,
horizon csv,
first _sp x,
first sp vy,
last_sp_x,
last sp_ y,
fudge_factor=10,
s_or_ms="ms",
first sp relative position="sw",
interp_x_uses="x",
seis_velocity m_per s=1700,

This script is an example to show how conversion of the points
data exported from interpretations made in ArcGIS Pro on scanned
seismic can be automated. To address the specific needs of the
user, the script will need to be editted.

The inputs to the function should be as follows (and see
example use of function below):

seismic_line = a string used to generate the output file name
seabed csv = path to file for a two column csv file with the
POINT X and POINT_Y values for a seabed pick

horizon _csv = path to file for a two column csv file with the
POINT X and POINT_Y values for a horizon pick

first_sp x = the easting value for the first shot point along
the line for which the data is being converted

first_sp_y = the northing value for the first shot point along
the line for which the data is being converted

last sp x = the easting value for the last shot point along
the line for which the data is being converted

last sp y = the northing value for the last shot point along
the line for which the data is being converted

fudge_factor = the multiplier used to preserve the vertical
exaggeration of the scanned seismic in ArcGIS Pro




s_or_ms = either 's' or 'ms' depending on whether the values
for the interpretation represent time in seconds or
milliseconds

first_sp _relative position = 'sw', 'se', 'nw', or 'ne' - the
position of the first shot point (used in the conversion)
relative to the rest of the seismic line

interp_x_uses = 'x' or 'y' - in the georeferencing, was the
x (easting) values used or the y (northing) values used
seis_velocity _m_per_ s = value for velocity to be used in

depth conversion in metres per second

if s_or_ms == "s
time_divider = 2 * 1 * fudge_factor

elif s or ms == "ms
time_divider = 2 * 1000 * fudge factor

seabed = pd.read_csv(seabed_csv, sep=",")

horizon = pd.read csv(horizon csv, sep=",")

seabed = seabed.sort_values(by=["POINT_X"])
horizon = horizon.sort_values(by=["POINT_X"])

if interp_x uses == "x":
min_x val = np.min((first_sp x, last sp x))
max_x_val = np.max((first sp x, last sp x))
elif interp x uses == "y":
min_x_val = np.min((first_sp_y, last _sp y))
max_x_val = np.max((first_sp y, last sp y))

sample_x_vals = np.arange(
(float(round(min_x_val, @) + 1)), float((round(max_x val, 0))), 1




seabed_resample = np.column_stack(
(sample x vals, (np.interp(sample x vals, seabed.POINT X, seabed.POINT Y)))

horizon resample = np.column_stack(
(sample x _vals, (np.interp(sample x_vals, horizon.POINT_X, horizon.POINT_Y)))

abs(last_sp_x - first_sp_ x)

abs(last sp y - first sp y)

total dist along line = np.sqrt((dx**2) + (dy**2))

if first sp relative position == "sw":

true x = (
(sample x vals - np.min(sample x vals)) / total dist_along_line)
) + first_sp x

true_y = (
(sample x_vals - np.min(sample_x_ vals)) / total dist along line)
) + first_sp_y

elif first sp relative position == "se":

true x = first sp x - (
(sample x vals - np.min(sample x vals)) / total dist_along line)

true_y = (
(sample x _vals - np.min(sample_x_ vals)) / total dist along line)
) + first_sp y

elif first_sp relative position == "nw":

true_x = (
(sample_x_vals - np.min(sample_x vals)) / total dist_along line)
) + first_sp_x




true_ y = first_ sp y - (
(sample x vals - np.min(sample x vals)) * (dy / total dist along line)

elif first sp relative position == "ne":
true_x = first_sp x - (

(sample x vals - np.min(sample x vals)) * (dx / total dist along line)

true y = first sp y - (
(sample x_vals - np.min(sample_x vals)) * (dy / total dist _along line)

depth mbsf = (
(abs(horizon_resample[:, 1]) - abs(seabed_resample[:, 1])) / time_divider
) * seis velocity m per s

depth_mbsf[depth mbsf < @] = @

output = pd.DataFrame({"X _BNG": true_x, "Y_BNG": true_y, "depth mbsf": depth mbsf})

outfile = "%s horizon mbsf.csv" % seismic_line

output.to_csv(outfile, float format="%.4f", sep=",", index=False, header=True)

Example use of function
calculate horizon_depth _mbsf(

seismic_line="line 1",

seabed csv="./interps_exported from arc/line_1 seabed.csv",
horizon csv="./interps_exported from arc/line 1 horizon.csv",
first_sp_x=448042.37707,

first_sp y=1122202.8878,

last_sp_x=518531.69499,

last_sp_y=1124974.14703,

fudge factor=10,

s_or_ms="ms",

first sp relative position="sw",

interp_x_uses="x",

seis_velocity m_per s=1700,




The example code above requires two file inputs in the form of csv files, which can be generated from
picks made by following the first 4 steps in section 6. There should be one file for the seabed, and one
for a deeper horizon that has been interpreted. The conversion of the POINT _Y field to depth is
performed within the code. See comments within code above for explanation of user-specified function
inputs.

A B C A B C
1 [POINT X POINT Y 1 |POINT X POINT_Y
> | 447793.3 -1549.15 2 | 514968.2 -2623.71
3 | 4479122  -1629.5 3 | 515161.6 -2547.88
4 | 4480826 -1610.21 4 | 515256.4 -2547.88
5 | 448182.2 -1655.21 5 | 515385.3 -2654.05
6 | 448307.6 -1696.99 6 | 515586.2 -2824.66

Figure Al. Format of csv files required for code. (Seabed file is on the left, horizon file is on the right).

The POINT_X fields do not need to match, as long as the coordinate format is the same — as scripted
above, the code will sort the values for POINT_X and POINT_Y based on ascending order for POINT_X
and resample at integer values in POINT_X, so that the result matches exactly, and a straightforward
subtraction performed.

As per the specifics of the script above, the input csv files are stored in a ‘interps_exported _from_arc’
directory and the script should be run from one directory level up:

L) » == local Scanned_Seismic_Project » Horizon_Interpretations >
Tl Sort = View “ee
Mame B Date modified Type Siz
interps_exported_from_arc 21/05/2025 15:26 File folder
& extract_thickness_metres.py 15/05/2025 15:47 Python Source File
Figure A2.

At the base of the script above there is an example use of the function, showing the user defined inputs,
for a southwest to northeast trending seismic profile where the picks have been extracted. Running the
function will generate a three-column csv file, as shown in Figure A3, stored in the same directory as the
code.

A B C

1 XBNG YBNG depth_mbsf
interps_exported_from_arc

2 | 448042.4 1122203 3.4863
@ extract_thickness_metres i S0I0.4] EAEEN el
= - Py 4 | 448044.4 1122203 3.4896
883 line_1_horizon_mbsf.csv 5 | 4480454 1122203  3.4913
6  448046.4 1122203 3.4929
7 | 448047.4 1122203 3.4946

Figure A3.

The function can be re-run for each line where there are picks to be processed, and the resulting csv
files compiled into a XYZ file, which can be imported to ArcGIS Pro, or used to generate a gridded
surface.
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